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For Excellence... 
For Leadership... 
For Service 


“ the materials you have fur- 
nished the Bureau of Medicine 
and Surgery are a service to the 
Navy as a whole. The large white 
“E” proclaims to all who see it 
that you are leaders in your 


field.” 


When the blue burgee of Excel- 
lence was raised at Johnson & 
Johnson, it marked the first Navy 
“E” to be awarded to a manu- 
facturer of sutures. 


SURGEON GENERAL, U.S.N. 


Since then, other official trib- 
utes have been paid to the Ethi- 
con Laboratories for outstanding 
service in the cause of surgery. 
But no other tribute has meant 
so much as the universal recogni- 
tion of the superiority of the 
Ethicon Tru-gauged Sutures by 
leading military and civilian sur- 
geons. 


Today, two new plants, which 
have stepped up production 
400%, operate up to a 3-shift, 24- 
hour basis, supplying America’s 
armed forces, lend-lease and the 
home-front. 


Ethicon Tru-gauged Sutures 
meet the strict requirements of 
both U.S.P. and the armed forces 
—ample evidence that, despite 
the vast quantities of Ethicon 
Tru-gauged Sutures being manu- 
factured, the same high standards 
of quality are being maintained. 


For complete dependability in 
this hour of crisis, look to Ethicon 
for unvarying excellence. 


ETH 
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ETHICON SUTURE DIVISION 


NEW BRUNSWICK. N 3 CHICAGO, TLL. 
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SING NUPERCAINE in a new 

technic for Abdominal-Perineal 
Resection of the Rectum, one in- 
vestigator praises its long-lasting 
anesthetic effects and the “maxi- 
mum relaxation and operative 
ease” it affords the surgeon.! 


NUPERCAINE spinal anesthesia has 
been used with a great deal of suc- 
cess, the anesthesia lasting from 
three to three and a half hours 
with little change in blood pressure 


1 Wilkinson, F.A.H.: Anesthesiology, July 1942 


Stein, J.H.: Am. J. Dig. Dis., June 1942 


and complete relaxation of patients. 


Operations: Splenectomy, Sub- 
total Gastrectomy, Extensive 
Colon Surgery, etc.2... Reaction 
of the patient to NUPERCAINE és 
mild compared to other drugs. 


As spinal anesthesia is used more 
and more extensively, the many 
advantages of NUPERCAINE bring 
it ever-widening appreciation in 
the O. R. 


Rapoport, R.: Anesthesia and Analgesia. May-June 1940 


*Trade-Mark Reg. U.S. Pat. Of. 


mE PR Products, Inc. 


SUMMIT, NEW JERSEY 


2 . 
Tr 
SURGERY 
+ 
| only drug... that will probably « the 
/ 
| 
: 


a 


THE suture requirements of our government and our allies 
have, during the past year, reached almost unbelievable 


proportions. 


e Our ability to meet the resultant demand promptly and 


Army-Navy Award for 
Excellence in Production 


without disrupting our distribution for civilian needs is 
owed, largely, to the profession and its institutions. 

e Their confidence and support through the years has 
fostered the development of an organization highly skilled 
in its specialty, yet geared to large scale production and 
experienced in the technic of expansion. 


e Typical of this organization, its people and its facilities 


are the illustrations here presented. 
DAVIS & GECK, INC. 
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- Dust-proof glass-enclosed chamber in the bacteriologic testing department 


Expansion of our manufacturing facilities 
has been paralleled by intensification of our research activities. 
The rapidity of developments in all scientific fields 


is making this work unusually productive. 


Therefore, assurance can be given not only for adequate quantities 
but for advances in processing 


and still further refinements in the products themselves. 
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For Circulatory Emergencies 


—rapid, sustained vasopressor action, 


without appreciable nervous stimulation 


Neo-Synephrine 
Hydrochloride 


(daevo—alpha—hydroxy—beta—methyl—amino—3 hydroxy ethylbenzene hydrochloride) 


ACCEPTED 


AMERICA, 
MEDICAL 


Comet on 
end 


Supplied in I c.c. ampules; 
and in rubber-capped vials 
containing 5 c.c. of a sterile 


% solution. Average 
subcutaneous dose: 0.5 


Frederick S CE ALN S & comsany 


Since 1855 . . . ESSENTIALS OF THE PHYSICIAN’S ARMAMENTARIUM 


NEW YORK KANSAS CITY DETROIT, MICHIGAN SAN FRANCISCO WINDSOR, ONTARIO 
SYDNEY, AUSTRALIA AUCKLAND, NEW ZEALAND 
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Hemorrhoids rank comparatively 
high among the causes of lost 
“man hours.” Today, more than 
ever, this should be a matter of 


concern to physicians. 


Whenever non-surgical treatment 
is indicated, Anusol may be used 
with the knowledge that it will 
afford the kind of relief likely to 
keep the patient on his job. By 


their emollient properties Anusol 
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Suppositories reduce inflamma- 
tion, alleviate pain and check the 
bleeding. They contain no nar- 
cotic or anesthetic to give the 


patient a false sense of security. 


We suggest that you give Anusol 
a trial in one of your ambulant 
cases; we shall be glad to send 
you a supply for that purpose. 


SCHERING & GLATZ, INC. 
113 West 18th Street, New York City 
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RIB-BACK 
BLADES 


continue to be offered at the lowest 
price consistent with their distinctive, 


superior qualities 


To the surgeon they mean superior 
sharpness with uniformity ... adequate 
rigidity greater strength . . . longer 
periods of cutting efficiency . . . virtually 
no interruptions due to rejects. 


W™\\To the hospital buyer they mean 
_economy in the maintenance of blade 


closer budget control... a satisfied 
surgical staff. 


Your dealer can supply you 


BARD-PARKER COMPANY, INC. 


DANBURY CONNECTICUT 
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Comprehensive 


Presentation of 


Famed TRUETA Technic... 


Formerly Director of Surgery, General Hos- 
pital of Catalonia, University of Barcelona; 
(E. M. S.) Wingfield 
Morris Orthopaedic Hospital, Oxford; Act- 


Assistant Surgeon 


ing Surgeon 


in Charge, 


Radcliffe Infirmary, Oxford. 


425 pages, 


144 


illustrations. 
$6.50 


Accident Service, 


PRICE, 


necessity 


TRUETA’S 
“WAR SURGERY” 
of the general surgeon who 
in present conditions must 
often find himself under the 

of treating cases 

that would normally come 
under specialist care; and 
who can only do his best 
work when he feels com- 
petent to deal, alone if neces- 
sary, with all the problems 
that may come within his 
experience. 


approach to 


is that 


PRINCIPLES AND PRACTICE OF 


WAR SURGERY 


by J. TRUETA, M.D. 


melt Attached is my check. 


THE C. V. MOSBY COMPANY 
3525 PINE BLvp. 
St. Louts, Mo. 


Gentlemen: Send me Trueta’s “WAR SURGERY,” price, about $6.50. 


Ready Feb. 15 


Possibly the greatest individual contribution to surgery 
of modern war, this timely new book reflects the author's 
vast experience in the Spanish War and in World War 


Trueta sets forth precisely and in complete detail all 
the technical procedures which he has adopted as a 
result of his experience. Naturally, the text is concerned 
in large part with those methods (i.e., wound excision 
and complete encasement of wounded limbs in plaster) 
which are now generally known as the TRUETA 
technic; it also enters fully into such subjects as shock, 
transfusion, aerobic and anaerobic infections, including 
gas gangrene and tetanus, chemotherapy, antiseptics, 
anesthesia, skin grafting, amputation, and the treatment 
of burns. 


“WAR SURGERY” is well illustrated with photographs 
and drawings. Particularly graphic are those which 
picture the preparation of the plaster cast, showing exact 
shapes and sizes of all the plaster patterns and methods 
of application—and those which illustrate step-by-step 
technic of wound excision and incision. 
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hrow out 


your chest! 


@ Navy training helps to build strong 
healthy bodies. 


First in command of establishing 
health habits in civilian life is the 
family physician. When the daily 
routine for regular bowel habits is 
disturbed, the physician’s recommen- 
dation of Petrogalar* frequently facil- 
itates a return to normal. 


Petrogalar helps soften the stool 
and renders it mobile for comfortable 
bowel movement. Consider Petrogalar 
for the treatment of constipation. 


FOR THE TREATMENT OF CONSTIPATION 
Petrogalar 


*Reg. U.S. Pat. Off. Petrogalar is an aqueous suspension of pure 
mineral oil each 100 cc. of which contains 65 cc. pure mineral oil 
suspended in an aqueous jelly containing agar and acacia. 


Petrogalar Laboratories, Inc. + 8134 McCormick Boulevard + Chicago, Illinois 
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Barnes’ ENDOSCOPIC 
PROSTATIC SURGERY 


by ROGER W. BARNES, 
M.S., M.D., F.A.C.S., 
Professor of Clinical 
Urology, College of Med- 
ical Evangelists; Chief of 
Urology Service, White 
Memorial Hospital and 
Out-Patient Clinic. 


240 pages, with 104 illus- 
trations. PRICE, $6.00. 


3525 Pine Boulevard 
St. Louis, Mo, 


$6.00. 


Address 


Gentlemen: Send me Barnes’ “ENDOSCOPIC PROSTATIC SURGERY,” Price, 


----Attached is my check, 


SURGERY 


Beeause of the comparative newness of transurethral 
prostatic resection, ‘‘ENDOSCOPIC PROSTATIC 
SURGERY ”’ meets a real need. Heretofore information 
on it had to be gleaned and assimilated from many 
sources. Now Dr. Barnes has sifted and arranged this 
information and presents the complete story in his book. 


The steps in the accepted technic of transurethral pro- 
static resection are carefully and fully described and 
illustrated. The great importance of pre- and _post- 
operative care has resulted in Dr. Barnes giving special 
attention to the various procedures essential to this care. 


THE C. V. MOSBY COMPANY MJ 
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WOUND INFECTION 


its prevention and control 


— 


F.Chidrey > 


...in Compound Fractures 


. .. the possibility of infection must always be considered. If it 
develops the result is often delayed union, non-union or chronic 
osteomyelitis. Prevention or control of infection is therefore of 
paramount importance. 


The literature indicates the value of Azochloramid as a pro- 
phylactic agent in such cases. 


In a paper entitled “Prophylaxis Against Infection in Compound 
Fractures” (Clin. Med. & Surg., Vol. 44, No. 3, pp. 117-119) 
the author reports ‘For the after care of these wounds | have 
been using ... Azochloramid in Triacetin 1:500. This has proved 
to be non-irritating to the tissues, general in its bactericidal 
action and active in the presence of organic matter. More- 
over, it is sufficiently stable so that, for prophylaxis, dressings 
once daily are adequate.” 


ACCEPTED 


ond Chemistry 


MEETS THE 
CHALLENGE OF INFECTION Azochloramid is used extensively by the Army and Navy 


Trial quantities and comprehensive literature 
sent to physicians on request 


WALLACE & TIERNAN PRODUCTS, INC. 


Belleville, New Jersey, U.S.A. A-4 
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surgery of the 


Ambulatory Patient 


By L. KRAEER FERGUSON, M.D., F.A.C.S., Lieutenant Com- 
mander, Medical Corps, U. S. N. R.; Assistant Professor of 
Surgery, University of Pennsylvania; with a section of fractures 


by LOUIS KAPLAN, M.D., F.A.C.S. 
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J. B. LIPPINCOTT COMPANY, E. Washington Sq., Philadelphia 


Please send me FERGUSON’S Surgery of the Ambulatory Patient ($10.) 


Check enclosed [ Send C.O.D. Charge my account 
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Not strength alone—rugged, unrestrained, variable— 
but strength that is accurate, uniform, dependable. Of such is the 


strength of Ethicon—assured by single-ownership production, 


laboratory-supervised, from raw gut to finished strand. Ethicon is 


exceptionally smooth, pliant, and, of course, conforms to U.S. P. standards. 
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Not Strength Alone . . . But Uniformity of Strength. Ethicon Sutures combine maximum 


strength and minimum bulk, assuring the surgeon a suture that will hold tissue 
securely, yet involve the least possible amount of foreign substance in the tissue. 
Laboratory control of every process in the making of Ethicon results in sutures 
that are uniform in size and strength, worthy of the confidence of the surgeon 
who insists on the highest standards of material as well as of operating technique. 


ETHICON SUTURE DIVISION 


4 NEW BRUNS 
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fo the Strad is to the violin 
virtuoso, or brilliant 
ments to a Leonardo, so are at 
'Crescent Surgical Blades to the 
‘meticulous operator—their spe- 
cial qualities an integral part of 
his technical artistry. 
WithCrescentblades, heworks 
with an extra sharpness, ground 
in by a sharper, more acute bevel 
of the cutting edge. 
STANDARD (> For the sureness of his incision 
HANDLES Cae (without weaving), he can rely on 
| _ @ rigidity that is “built in” every 
Crescent blade, with one-third 
more of the finest steel. 

And his manual dexterity is 
facilitated by the balanced dis- 
tribution of weight, without thin- 
ning down from the back. 

In creating masterworks of 
surgical skill, you can depend on 
Crescent—the instrument of dis- 
criminating choice. 

For samples, call your surgical 
dealer—or write to 


JGRESCENT SURGICAL SALES CO., Inc. 
YORK, N. Y. 


, “The master hand 
deserves a master blade” 
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ENDURING CHARACTER 


SIXTY-SEVEN YEARS—TIME TO TRAIN SUCCEEDING CROPS OF 
YOUNG MEN IN LILLY TRADITIONS—TIME TO ESTABLISH A 
SOLID FOUNDATION ON A POLICY THAT IS STRIKINGLY LIKE 


THE GOLDEN RULE, 


ELT LILLY AND COMPANY 
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Original Communications 


SURGERY OF THE SPLEEN IN BLOOD DYSCRASTAS 


KE. L. M.D., anp L. W. Stevens, M.D., Pa. 


(From Surgical Service A in the Medical School and Hospital of the University of 
Pennsylvania ) 


T IS our purpose to limit the scope of this presentation to the blood 

dyserasias that are favorably affected by surgical procedures directed 
on the spleen, i.e., splenectomy, or indirectly upon its blood supply by 
ligation of its vessels. Justification of these procedures must be evaluated 
by the mortality and the morbidity following such treatments. Splenic 
surgery has been employed sporadically since before Christ and, later on, 
oceasionally and specifically for the purpuras, splenic anemias, and the 
ictero-anemias with fairly good results. The field, however, was broad- 
ened disastrously when pernicious anemia, leucemia, aplastic anemia, 
toxic infections, allergies, drug anemias, ete., were included. Such inju- 
dicious surgery produced either a high mortality or left the surviving 
patient usually worse for the experience. In the last twenty to twenty- 
five years, with a more rational selection of cases and improved pre- 
and post-operative care, splenectomy has earned a foremost place in the 
treatment of splenic anemia, idiopathic or essential thrombocytopenic 
purpura, and hemolytic ictero-anemia. An attempt will be made, there- 
fore, to present the facts and evaluate surgery on patients suffering from 
one or the other of these three conditions. 


SPLENIC ANEMIA 


Osler defined this condition as ‘‘an intoxication of unknown origin 
characterized by great chronicity ; progressive enlargement of the spleen 
which cannot be correlated with any known cause, anemia of the sec- 
ondary type with leucopenia, a marked tendency to hemorrhage, par- 
ticularly from the stomach (esophagus), and in many cases a terminal 
state with cirrhosis and jaundice.’’ Much work has been done in this 
field since then (1900), and yet we are, after extensive work by the 
pathologist and hematologist, still in the dark concerning the etiology. 
This ignorance of etiology is an important point in diagnosing the pa- 
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tient with the above pathologic and physical findings. In other words, 
the diagnosis today continues to be one of exclusion before surgery should 
be practiced. The Banti’s syndrome with a known etiologie factor justi- 
fies medical and not surgical treatment. 

In the last ten vears writers have attempted to explain this picture in 
various ways. Thompson, from the Spleen Clinie at the Presbyterian 
Hospital, New York City, on a series of sixty-eight splenectomies for this 
condition, draws the following conclusions: (1) It results from a variety 
of lesions that produce a hypertension in the splenic vein; (2) it is purely 
a mechanical congestion; (3) cirrhosis of the liver is only one obstructive 
cause which, if not existent at the time of splenectomy, will not develop 
subsequently; (4) suggests we designate the syndrome as a congestive 
splenomegaly in place of the old term Banti’s disease. Drenckhahn is 
inclined to think that if the viscosity of the blood in these cases is low- 
ered by venesections, the hemorrhages will be less frequent and less 
massive. Whipple, in 1937, reported thirty-one cases of Banti’s disease 
with fifteen of unknown etiology. He felt then that portal hypertension 
was the factor to investigate. One of us (E. L. E.) found twenty 
splenomegalies in patients with anemia at the Philadelphia General Hos- 
pital in the last five years, two of which were diagnosed splenic anemia 
(Banti) and eighteen of which were classed as of undetermined origin. 
Davidson (1934) showed that the blood picture was not reliable, stating 
that the red blood corpuscles and hemoglobin can be restored to normal 
with iron. 

Treatment.—Howells reports ninety-four cases and compares the 
medical and surgical results (Table III). Splenectomy in fifty-one 
patients gave improvement in 43 per cent; medical care of forty-three 
patients gave 46 per cent improvement. He further found that in both 
types a hemoglobin of 60 per cent + accompanied improvement in an 
average of 59 per cent, whereas if the hemoglobin was between 30 and 
60 per cent, the average improvement in both instances was only 33 per 
cent. His conelusions were that splenectomy does not improve the expect- 
aney of life nor prevent the progress of the cirrhosis or the anemia or the 
recurrence of hematemesis. Therefore, ‘‘it is illogical to retain it as a 
routine method of treatment.’’ Again, of thirty-one patients, Whipple 
(1937) had eighteen live, one as long as eleven years. His experience 
was that of the patients who had preoperative hemorrhages, eleven in 
number, seven died from hemorrhage. His conclusion was that splenec- 
tomy increases life expectancy but does not alter the condition of patients 
with hemorrhage and is not advisable in severe anemias. Wada (1941) 
states that in his series of seventeen cases of Banti’s disease, the operative 
mortality in patients with early cases was nil, whereas in patients with 
the delayed cases it was 40 per cent. Pemberton, in 1931, in a series of 
167 cases, found that ninety-eight of the patients had history of pre- 
operative hematemesis; twenty-nine of these, or 29 per cent, died from 
hematemesis and only nine from thrombosis. He also found one patient 
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lived nineteen years and ten lived over nine years. This same clinic 
found that 50 per cent of their patients bled before operation and also 
after operation. Whipple, quoted by Rives, has now 107 splenectomies 
to his credit, fifty-six of which were for splenic anemia. Ranzi, in 1936, 
reported twenty-one eases. Of the fifteen patients followed, one was well 
after twenty years, two were not benefited, and seven were well from 
two months to two years. Evans states that one-half of his patients had 
recurrence of hematemesis, with several deaths. 

Eliason and Johnson, in 1937, reported cases of twenty-one patients. 
Seven of the deaths were directly due to liver damage, three of these had 
hemorrhage; of the survivors, one lived eleven years, two lived seven 
vears, two lived five vears, two lived three years, ete. 

Diamond, in 1938, reported eight cases in children diagnosed as splenic 
anemia, by reason of splenomegaly of unknown origin, chronic pro- 
gressive hypochromic anemia, a constant leucopenia, and thrombo- 
cytopenia. Splenectomy was followed by a rapid rise in the leu- 
cocytes, an elevation of the platelet level, and a permanent improve- 
ment in the anemia. Six of the eight have remained well for from 
six to ten years, with no evidence whatever of the disease. These results 
can be viewed with great satisfaction. 

Pemberton (1940) reports on splenectomy in 215 patients with splenic 
anemia and Banti’s syndrome with a hospital mortality of 9.8 per cent 
but with a most gratifying life expectancy record: 54.6 per cent lived 
five years +; 41.5 per cent lived ten vears +; and 20.4 per cent lived 
twenty years or more. His experience is that 50 per cent of patients 
with hemorrhage before operation also bled subsequently despite the em- 
ployment of one or more of the indirect methods of vessel ligations or 
omentopexy. 

Rousselot (1938) from the Spleen Clinic in the Presbyterian Hospital, 
New York City, reports fifty-five patients with Banti’s syndrome which 
condition is termed congestive splenomegaly, therein including Laennec 
cirrhosis, 14 with 4 deaths; cirrhosis unclassified, 2 with no deaths; 
schistosomiasis, 11 with no deaths; and obstructive factor undetermined, 
13 with 3 deaths; also cirrhosis unclassified and thrombosis, 3; portal 
vein transformation, 2; and stenosis of portal vein, all with no deaths. 
Further statistics will appear in the Tables I, II, III, and IV. 

In our series of twenty-eight patients treated by splenectomy, there 
was a mortality of 25 per cent; 28 per cent of the survivors lived five 
years and 21 per cent lived ten years. 

It is to be noted from a study of Table IV that the mortality figures 
ranged from 0 to 40 per cent. This would seem to indicate that some fac- 
tors, probably the degree of cirrhosis and liver damages, varied greatly. 
This was the case in our series, seven of the eight patients who died 
having extensive damage to the liver. 

Ligation of coronary vein, splenic vein, artery or pedicle, and injec- 
tion of esophageal varices have been done in a few cases only and with 
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TABLE I 


SPLENIC ANEMIA (BANTI) 
CONGESTIVE SPLENOMEGALY 


HEMORRHAGE 
AUTHORS SPLENECTOMY PREOP. POSTOP. 


(%) 
Thompson 68 59 
Whipple (1931) 31 63 
Pemberton (1931) 167 é 50 
Pemberton (1940) 215 50 
Rousellot (1939) 55 12 
Diamond* 11 50 
Evans ? 50 
Eliason and Stevens (1942) 28 35 


*Children. 


TABLE IT 


SPLENIC ANEMIA 
FoLttow-Up DATA 


AUTHORS 


Pemberton (1940) 

Ranzi (1936) 

Diamond (1938) 

Rousellot (1939) 

Whipple (1937) 

Eliason and Stevens (1942) 


Eighty-nine per cent returned for follow-up. 


TABLE III 


SPLENIC ANEMIA MORBIDITY 
MEDICINE vs. SURGERY 


AVERAGE % 


HGB. 9 
IMPROVEMENT IMPROVEMENT 


( Group I 60+ 


51'Gurg. Group II 30 to 60 Surg. 30 


43 Med. Med. 39 


Group III Below 30 Med. 33 


TABLE IV 


SPLENIC ANEMIA MORTALITY 


AUTHORS 
Pemberton 
Ranzi 
Diamond 
Andrus and Holman 
Rousellot 
Eliason and Stevens 
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only indifferent results, which seems to show that persistence of varices 
after operation dooms the patient and nothing will correct them. Rhoads 
and Stein report a case in a child in which the varices were definitely re- 
duced following the triple procedure of splenectomy and ligation of both 
the gastric artery and the coronary vein. 

Conclusion.—Splenectomy gives the patient the best chance. The 
earlier in the disease that splenectomy is done, the lower the surgical 
mortality and the greater the life expectancy. It is the opinion of one 
of us (KE. L. E.) that this is the only choice, even with cirrhosis. The 
operative mortality should not be over 10 per cent at the worst, and some 
of the patients have lived twenty years. 


PURPURA HEMORRHAGICA 


Under this heading the surgeon is concerned only with essential 
thrombocytopenic purpura, and for this reason it is important for our 
hematologists and medical colleagues to eliminate the innumerable other 
causes of purpura before advocating splenectomy. The concensus of 
opinion today is that the findings in the essential group are petechial 
hemorrhages and bleeding from the mucous membranes, low platelet 
count, prolonged bleeding time, normal coagulation time, delayed or 
absent clot retraction, a secondary anemia with evidence of regeneration, 
a normal or increased total white count with a normal differential count, 
a positive tourniquet test, and a spleen that may or may not be enlarged. 

Errors in diagnosis are more frequently made in patients with leu- 
cemia and aplastic anemia with purpurie phenomena due to allergies, 
drugs, particularly sedormid, ete. 

Essential purpura as it confronts the surgeon may be divided into four 
groups. 

Group I: Mild or moderate bleeding in the initial attack. Con- 
servatism and possibly transfusions are all that are necessary for a high 
per cent of permanent cures. 

Group II: Mild bleeding with recurrent attacks. Here again there is 
almost uniform agreement that, conservatism failing, splenectomy is 
definitely indicated. 

Group III: The fulminating type in the initial attack. Here we 
have the most difficult problem of all. Up to 1932, when a survey was 
made of the literature by Eliason and Johnson, in thirty-five patients 
the mortality was 34.3 per cent. In the next twenty-one patients re- 
ported up to 1936, the mortality was reduced to 13.6 per cent, and yet in 
1936 Giffin reports a 50 per cent mortality and Whipple, in 1937, men- 
tioned seven deaths in eight patients with fulminating cases. MeLean 
and Amesse each report a high per cent of deaths. Rosenthal, in 1939, 
in an analysis of 153 cases, states that splenectomy is contraindicated in 
acute purpura in children, in acute purpura with fever and leucocytosis, 
and in megakaryophthisis. He found a high per cent of the patients 
with acute cases (thirty-eight) recovered spontaneously. 
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It is still difficult to evaluate the findings due to lack of data, but it is 
not unlikely that the high mortality has been due to delayed splenee- 
tomy and _ insufficient postoperative care. Possibly, due to greater 
knowledge on the part of our hematologists and the expansion of blood 
hanks, the mortality of the last two or three years may prove to turn 
out much lower. 

Group IV: Severe bleeding in reeurring attacks. These patients 
having shown by their history that they have survived by reason of re- 
missions should be treated accordingly by transfusions as long as they 
improve by this regime. However, should such not be the ease, splenec- 
tomy is indicated at once. 

The results following removal of the spleen for purpura hemorrhagieca 
have been so satisfactory that when the disease is an inconvenience and 
has not responded to nonoperative treatment, a splenectomy should be 
advised. According to reports up to 1932 (Kliason and Ferguson), 87 
per cent of 179 with follow-up reports were thus cured. Unfortunately, 
there was a woefully short follow-up in many instances. Pemberton, in 
1934, with long follow-up periods, reported 63 per cent as permanently 
cured by ectomy. Giffin, back in 1927, stated that he has never seen pur- 
pura persist after splenectomy coupled with a conscientious elimination 
of foci of infection (Table V). Vaughan (1939) reports six patients all 
surviving from ten to fifteen and one-half years after splenectomy and 
states that ‘‘these six bring the total reported cases to fifty-nine patients 
living from five to fifteen and one-half years after operation.’’ Diamond 
in his study of twenty-eight cases in children states that this disease tends 
to be more acute in children than in adults. Eight of these had a splenec- 
tomy performed after other measures had failed; six of these were com- 
pletely relieved and have maintained normal platelet counts since then. 
Two were only moderately improved; of the twenty treated medically, 
twelve have had spontaneous and permanent remissions; six continue 
with oceasional bleedings and permanent low platelet counts. Two 
died from intracranial hemorrhages. His advice is to advocate surgery 
only in the severe cases (Table VI). 

Thomas (1927), with his sixty-two patients, reached the same conclu- 
sion. 


TABLE V 


PURPURA HEMORRHAGICA 
DATA 


AUTHORS 5 YR. 

(%) (%) 

Literature (1932) S7 
Pemberton (1954) 63 
Vaughan (1939) 6 cases 
Pemberton (1940) 89 
Rousellot (1938) 42 
Eliason and Stevens (1942) 50 


One hundred per cent returned for follow-up. 
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TABLE VI 


FULMINATING PURPURA HEMORRHAGICA 


MORTALITY 


AUTHORS 


Literature (1932) 
Literature (1936) 
Giftin (1936) 
Amese 

Whipple (1937) 
McLean (1937) High 
Diamond (1938) 25 
Andrus and Holman (1959) 0 
Eliason and Stevens 0 


Pemberton (1940) performed splenectomy for purpura on eighty pa- 
tients with hospital mortality of 8.8 per cent and a five-year survival 
of 89 per cent and a ten-year survival of 87 per cent. He, of course, ad- 
heres to his 1933 statement; namely, ‘‘In the treatment of purpura of 
mild severity, splenectomy is not recommended until other measures fail. 
Since in the acute forms the dangers of delay outweigh those of opera- 
tion and since splenectomy is the surest cause of remissions, commonly 
complete and permanent, such should be the treatment.’’ Elliott (1988) 
reports from the Spleen Clinie twenty-one patients with splenectomy for 
idiopathic purpura with no operative deaths and with nine known five- 
year cures and four ten- to eighteen-vear cures. Eleven patients all op- 
erated upon less than five years are living and well. Expressed further, 
they found that splenectomy gave satisfactory results in 85.7 per cent, 
and conservative treatment of twenty other patients gave satisfactory 
results in only ten per cent of the cases (Table VII). 


TABLE VII 
PURPURA HEMORRHAGICA 
SURGICAL MORTALITY 


NUMBER OF MORTALITY 
AUTHORS 
; CASES (%) 


Diamond 8 (0 
Pemberton (1940) 80 8.8 
Elliott (1938) 2] () 
Eliason and Stevens (1942) 15 6.6(2)* 


*(?)Only death, error in diagnosis. 


Conclusion.—Mild purpura does not require splenectomy until other 
measures fail. Acute purpura should be treated by early splenectomy 
as the surest and safest course to pursue, both as to mortality and 
morbidity. 

HEMOLYTIC JAUNDICE 


Hemolytie jaundice, also termed ictero-anemia (acholurie jaundice) 
for many years, was classed as congenital or acquired. Of recent years, 
this differentiation has less and less followers, it being felt that they 
are one and the same. It does seem, however, to other clinicians that 
there is good reason to continue to differentiate them, 
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Hemolytic ictero-anemia is characterized by the finding of secondary 
anemia of a microcytie type, reticulocytosis, increased fragility of the 
red blood cells, spherocytosis with the volume normal or increased, 
acholurie jaundice, and an elevated icterus index and splenomegaly. 
There is no itching of the skin in this type of jaundice. The congenital 
type appears in infants and children. The acquired form usually ap- 
pears after 20 years of age, is more severe, and has exacerbations or 
‘‘erises’’ of malaise, abdominal pain, increased jaundice with the associ- 
ated blood findings, more pronounced anemia, fever and rapid increase 
in the splenomegaly, accompanied by abdominal pain. The high in- 
cidence of associated biliary calculi, 60 per cent, adds a confusing and 
complicating feature to this otherwise clear diagnosis. Whereas the 
stools in ictero-anemia have normal amount of bile, a complicating 
stone obstruction in the common duct renders them acholic. 


Doan found the conditions existing in thirteen families, twelve of 
whom had no knowledge of it, although one member in each generation 
had it. The importance of recognizing that constitutional defect lies 
in the fact that a fatal relapse or exacerbation may be precipitated by 
an infection or trauma at any time. Diamond reports on the study of 
twenty-five cases of this disease in children. In five, operation was re- 
fused with resultant death in two. Splenectomy was done in twenty, of 
whom eighteen have been completely relieved of all symptoms; one died 
of mesenteric thrombosis and one was relieved but not cured. He feels 
that this disease in children may not progress in as benign a fashion as 
it often does in adult life; also, that the younger the patient at the on- 
set, the more severe the condition tends to become. The infant with the 
disease may not be able to wait for a second crisis before a splenectomy 
is performed. In children, delay also spells growth disturbances in the 
skeleton and other organs, even mental retardation as well as gallstone 
formation. Early splenectomy is indicated. Pemberton (1940) reports 
165 patients with hemolytic icterus treated by splenectomy with a hospi- 
tal mortality of 3 per cent and a most enviable survival record, namely, 
88 per cent five-vear and an 80 per cent ten-year survival rate (Table 
Vill). 

The treatment for this condition is splenectomy which produces phe- 
nomenal results; that is, permanent and positive cure. Care must be 


TABLE VIII 


HEMOLYTIC JAUNDICE MORTALITY 


MORTALITY 
(%) 

Pemberton (1931) 3.4 

Doan (1934) 

Pemberton (1940) 

Diamond (1938) 

Andrus and Holman 

Rousellot (1938) 

Eliason and Stevens (1942) 


AUTHORS 
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taken, however, to have an indubitable diagnosis. Atypical cases are not 
helped by surgery on the spleen. It is much wiser to operate upon these 
patients in the remission period, although the surgeon’s hand may be 
foreed by the rapid uncontrolled acute phase. Doan mentioned seventy- 
five blood relatives with recognized trait in forty. Seventeen of these had 
a splenectomy done, five of whom had a blood count of only one million. 
There were no deaths despite the fact that medical care has accomplished 
nothing except to bring the patient to surgery in a precarious condition. 
It has frequently been shown that patients can live with this chronic 
state of anemia due to continued hemolysis for many years relatively 
normally so one should not rush into surgery. We saw a young woman 
of this sort who had reached the age of 35 years and had had four chil- 
dren and was pregnant again when seen by us. 

Removal of the spleen was first done for this condition fifty-five years 
ago. This patient is known to have lived forty-five years. 

Thompson (1938) also reports from the Spleen Clinie in New York 
thirty splenectomies for this disease with an operative mortality of two, 
or 6.6 per cent, with an excellent result in this condition in twenty-six 
of the others for follow-up periods ranging from one to eighteen and 
one-half years. Biliary caleuli were found at operation in four of the 
patients in this group. Thirteen cases treated conservatively were 
all found unimproved in follow-up reports ranging from 7 to 39 years 
(Table IX). 

TABLE IX 
HEMOLYTIC JAUNDICE 
DATA 


5 YR. 
AUTHORS (%) (%) 45 YR. 
Pemberton (1940) 89.3 80.4 
Diamond (1938) 90 
Literature ] 
Rousellot (1938) 26 10 
Eliason and Stevens (1942) 50 15 


Ninety per cent returned for follow-up. 


He concludes that splenectomy promptly, completely, and permanently 
relieves these patients but that this operation does not benefit the atypical 
hemolytie anemias. 

Conclusion.—The above data indicate that splenectomy is the treat- 
ment of choice in true, congenital ictero-anemia. In the acquired or 
adult form, mild in character, splenectomy is not necessarily the treat- 
ment indicated. 

TECHNIQUE 


The operation of splenectomy may be a very difficult one or a relatively 
simple one, depending upon the size of the spleen and the presence or 
absence of adhesions. The left rectus incision is probably the most fre- 
quently used. The lower pole of the spleen is delivered first and brought 


: 
= 
pats 
4 
= 
— . 


186 SURGERY 


out of the wound. The upper pole of the spleen then may be exposed. 
By using this procedure, the size of the incision need not be so large as 
would otherwise be required. When the spleen is very large, it may oe- 
casionally become necessary to make a lateral transverse extension of the 
incision at the lower end. This gives considerable additional exposure. 
Such a step is seldom required but may be a valuable aid when an es- 
pecially large spleen is encountered. Some surgeons find the left para- 
median or the left subcostal incision preferable to the left rectus incision. 

By means of the gloved finger, the spleen is freed posteriorly. In 
this manner the capsule is not torn. The lienorenal ligament may oe- 
casionally have to be nicked with an instrument. The lower pole of the 
spleen is separated first and brought out of the incision. As this is done, 
the upper part of the spleen can be exposed. When the posterior at- 
tachment has been completely freed, the spleen is turned up to expose 
the posterior aspect of the pedicle devoid of a peritoneal covering. The 
peritoneum is then slit over the anterior aspect of the pedicle and the 
splenic vessels are exposed. Care must be taken that the tail of the 
panereas, the stomach, and the retroperitoneal duodenum are sufficiently 
pushed aside before hemostats are applied. The vessels are clamped 
close to the spleen which is then removed. The vessels are doubly ligated. 
Wise has suggested the use of a rubber-shod clamp across the entire 
pedicle until the vessels are ligated individually. It would seem that 
he has minimized the possibility of damage to the pancreas by this pro- 
cedure. The oozing from the bed of the spleen is usually so insignificant 
that no drainage is necessary. When the ooze is sufficient, a Penrose 
drain may be inserted. The drain is best brought out through a stab 
wound lateral to the incision. 

When a large spleen has been removed, an abdominal binder is applied 
immediately to help maintain abdominal pressure. Pitressin is given 
every fourth hour for the first forty-eight hours. The convalescence may 
be marked by a moderately febrile course which is frequently quite pro- 
longed. This is probably due to a thrombophlebitis of the splenie vein as 
mentioned by Bryce. No deaths due to extension of the thrombosis into 
the portal vein have been recognized in our personal series. 


SUMMARY 
An extensive review of the literature of the last ten years has been 
made and a statistical report compiled showing the mortality and life ex- 


pectaney following splenectomy in eases of splenie anemia, thrombo- 
eytopenie purpura and ictero-anemia. Added to these is a similar report 


on sixty-three personal cases. 
The technique of splenectomy is discussed. 
CONCLUSIONS 
Splenectomy gives the patient with splenic anemia the best chance. 
The earlier in the disease that splenectomy is done, the lower the surgical 
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mortality and the greater the life expectaney. It is the opinion of one 
of us (E. L. E.) that this is the only choice with cirrhosis. The operative 
mortality should not be over 10 per cent at the worst, and some of ihe 
patients have lived twenty vears. 

Cases of chronic hemorrhagic purpura that do not respond to eon- 
servative therapy should be subjected to splenectomy. In acute or 
fulminating purpura hemorrhagiea, if the bleeding does not respond 
promptly to conservative measures, splenectomy should be performed 
early before the patient’s condition is critical. A careful elimination of 
infection is important in the prevention of recurrent purpura. Reeur- 
rence of a serious nature is unusual. 

Splenectomy is the treatment of choice in hemolytic jaundice, partieu- 
larly in children. It is preferable to perform the operation during a 
remission, but occasionally it is necessary to remove the spleen during an 
acute exacerbation. The results following splenectomy are good in a 


high pereentage of cases. In adults splenectomy is not always neces- 


sarily indicated. 
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SHOCK: THE PHYSIOLOGIC AND CLINICAL ASPECTS 


B, Manoney, M.D., anp W. How.anp, Pu.D., M.D. 
Rocuester, N. Y. 


(From the Departments of Surgery and Medicine, University of Rochester, School 
of Medicine and Dentistry, and Strong Memorial and Rochester Municipal Hospitals) 


HE modern therapy of shock is based on a thorough understanding 

of the physiologic changes occurring in the injured patient. Periph- 
eral circulatory failure of the hematogenic (Blalock) type is always asso- 
ciated with a diminution of the effective circulating blood volume 
whether this be due to hemorrhage, trauma, or burns. The exact mech- 
anism producing this depletion may be in dispute, but experimental and 
clinical investigation has developed methods of estimating the relative 
amounts of fluid, protein, and red blood cells which will be lost in cer- 
tain types of injury. There are definite changes which occur in the 
blood of the patient in shock, and some of these contribute to the de- 
velopment of the shock state while others probably perpetuate it. All 
of these factors cannot be corrected, but it is possible to attempt replace- 
ment of the fluid and protein which is lost and thus improve the cireula- 
tion and overcome tissue anoxia. A fundamental premise of therapy is 
the realization that hematogenic shock does not develop instantaneously, 
and that the clinical appearance of hypotension is the gross evidence of 
time-consuming changes in the circulation. 

In order to provide a background for rational therapy it is necessary 
to evaluate certain fundamental changes which occur in the circulation 
during the development of shock. It is not sufficient to define shock 
because of the variations in the theories of its mechanism; each author’s 
definition will vary according to his personal concept, and will stress the 
factors which he believes most important. Blalock has considered it as 
‘peripheral circulatory failure resulting from a discrepancy in the size 
of the vascular bed and the volume of intravascular fluid.’’ This does 
not condemn any one theory, and provides as thorough an understanding 
as our present knowledge will permit. There are four outstanding theo- 
ries as to the mechanism of the fluid loss in shock: (1) local loss of 
blood and fluid, (2) toxemia causing generalized capillary permeability, 
(3) vasoconstriction, (4) nociceptive impulses. These theories have 
been discussed in detail in recent reviews of the subject, and no attempt 
will be made to analyse critically the evidence for or against them. 

In spite of the disagreement over the mechanism of shock there are 
many physiologic changes in the circulation which are of basic impor- 
tanee. The decreased effective circulating blood volume has been men- 
tioned. Freeman and others’? * have shown that there is peripheral 
vasoconstriction resulting in a diminished peripheral blood flow. There 
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is a fall in the venous as well as the arterial blood pressure,‘ and the 
cardiac output is decreased. © The oxygen saturation of the blood is 
decreased,” and there is diminished oxygen consumption by the tissues. 
A large amount of plasma protein disappears from the circulation,’ 
and because of the preponderant loss of plasma the red cell hematocrit 
becomes concentrated. There are other factors which may oceur, but 
which may not be of primary significance: plasma potassium increases,® 
tissue anoxia develops, and there may develop a generalized capillary 
permeability. The role of the adrenal cortex and of tissue metabolites 
or toxins has not as yet been definitely established. 

A great deal of confusion has arisen because of attempts to classify 
shock as primary and secondary. Primary shock is defined as the state 
of circulatory collapse which occurs almost immediately after an injury 
and is characterized by subnormal temperature, cool perspiring extremi- 
ties, pallor, rapid pulse, and low blood pressure. This condition may 
occur within one-half an hour following a head injury, a perforated 
ulcer, or in association with spinal anesthesia or with drugs such 
as histamine. The patient often shows rapid improvement following 
relief of pain, or sometimes even without treatment. In this instance 
the fall in blood pressure is probably due to a rapid inerease in the 
size of the vascular bed following capillary dilation while the blood 
volume remains essentially unchanged. As soon as the tonus of the 
peripheral circulation improves, normal circulatory balance is estab- 
lished, and the blood pressure rises. This condition differs markedly 
from that existing in the patient who gradually develops circulatory 
collapse several hours after injury and who is said to be suffering from 
secondary shock. This patient has had an actual loss of effective blood 
volume from the cireulatory bed and the blood pressure falls in spite 
of compensatory peripheral vasoconstriction. Blalock® has suggested an 
admirable classification of shock which is of value in differentiating 
these types. He suggests that the term primary shock be replaced by 
(1) neurogenic, the fall in blood pressure resulting from pain, spinal 
anesthesia, ete., and (2) vasogenic, that resulting from histamine, ana- 
phylaxis, ete. The term hematogenie is reserved for shock resulting 
from an actual decrease in effective blood volume. 

The classification of these types of shock will not be confusing if the 
entire clinical picture is correlated with the type and extent of the in- 
jury and the period of time which has elapsed since the injury occurred. 
Unless the patient has had a rapidly exsanguinating hemorrhage, an 
early fall in blood pressure, with other signs of shock, may not mean 
serious derangement of the circulation, and the response to treatment 
may be very rapid. If, however, the circulation is not improved, early 
neurogenic shock may result in a true hematogenic type, i.e., because 
of the sluggish circulation, tissue anoxia may develop with resultant 
damage to the capillaries and an increase in their permeability. The 
classical signs of shock are the late manifestation of a process which 
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begins immediately after an injury. It is of the utmost importance to 
realize that the blood volume may decrease by as much as 50 per cent, 
and the blood pressure remain normal because of vasoconstriction. The 
replacement of fluid loss is of most value before the circulatory depletion 
has become extreme and before the shock state has become irreversible. 
It therefore would seem more logical to evaluate the process as a whole 
rather than to wait for obvious circulatory changes before instituting 
therapy. The prevention of profound circulatory collapse is possible 
in many instances in which it would be fatal to await the obvious 
changes. The value of the hematocrit, blood, or plasma specific gravity, 
and plasma protein concentration in predicting and evaluating shoek 
will be discussed. 
RECOGNITION OF SHOCK 

1. General Condition of the Patient-—An accurate evaluation of the 
veneral appearance of the patient together with type and extent of the 
trauma form the most practical clinical method of recognizing impend- 
ing shock. The degree of shock is, in general, in direct proportion to the 
amount of tissue damage and the time which elapses before treatment is 
instituted. The patient who appears apathetic, who is pale, and whose 
extremities are cold and clammy within a few hours after injury may 
already have a marked reduction in blood volume in spite of a nearly 
normal blood pressure. 

2. Pulse——The onset of shock is usually associated with a rapid 
thready pulse, but, both in the experimental animal and in man, a 
bradyeardia may occur in profound shock.* 

3. Blood Pressure.—The arterial blood pressure has long been con- 
sidered the classical eriterion of shock. In the experimental animal, 
the blood pressure may be normal at a time when the circulating plasma 
volume is half the normal, only to fall precipitously just before death.” ® 
That the arterial blood pressure is an unreliable guide has long been 
recognized, because the vascular bed is gradually decreased by vaso- 
constriction until the vasomotor center fails and collapse occurs. Al- 
though the venous pressure decreases as shock develops, it must be con- 
sidered an unreliable clinical guide. The hydrostatic pressure of the 
vein, the muscle pressure,'’ and the slowed peripheral blood flow make 
venous pressure determinations unreliable unless performed under care- 
fully controlled conditions. The pulse pressure is often of value in de- 


tecting early shock; as peripheral vasoconstriction occurs the diastolic 
pressure may increase with a consequent decrease in pulse pressure. <A 
patient with a gunshot wound of the abdomen was found to have a 50 
per cent decrease in circulating plasma volume; his blood pressure was 
120/100. After recovery his normal blood pressure was found to be 
120/70. This change is not always evident, but when present is signifi- 


cant. 
4. Hematocrit—The hemoconcentration associated with shock has 
been emphasized by Moon'! and others. In shock produced by intestinal 
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manipulation the hematocrit rises as the plasma volume decreases." The 
hematocrit is of minor significance in shock due to hemorrhage since the 
remaining blood is diluted by tissue fluids and the hematoerit decreases. 
If the shock is due to trauma or operative procedures, the hemoconeen- 
tration, unfortunately, varies in degree, and individual determinations 
may be of little value. A hematocrit of 45 per cent may indicate hemo- 
concentration in a patient who has an anemia, but this would not be 
evident unless a control determination were available. If the hemato- 
erit is markedly increased the individual determination is of value, but 
if not, the trend of at least two determinations must be known. It thus 
becomes of limited value in the evaluation of a patient in the aceident 
ward. The hemoconcentration of the burned patient is of unquestion- 
able value, and this will be discussed later. 

dD. Plasma Specific Gravity and Plasma Protein Concentration.— 
Seudder® has emphasized the inerease plasma and blood specific 
gravity which occurs in shock, and he feels that this ean be used in the 
clinical evaluation of the shocked patient. The specifie gravity of plasma 
will not increase unless more fluid than protein is lost from the circula- 
tion, and dehydration is not the outstanding feature of shock during 
the early stages. Large amounts of protein are lost from the circulation 
whether the shock is due to trauma or burns, and this loss may occur 
so rapidly that the plasma specific gravity decreases rather than in- 
creases. In experimental shock produced by intestinal trauma the 
specific gravity decreases (Fig. 1). This decrease has been uniform in 
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Fig. 1.—Graph showing specific gravity in experimental shock. 


all of the experiments in which the animals developed peripheral eir- 
eulatory failure, and in general the most marked fall of the specific 
gravity oceurs in the animals most profoundly shocked. When these 
animals are treated with plasma, the rise in blood pressure is usually 
associated with an increase in the plasma specific gravity. 

Specific gravity determinations have been done at frequent intervals 
during abdominal operations which resulted in varying degrees of 
peripheral circulatory failure. The specific gravity has shown a definite 
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tendency to decrease with the development of shock when no fluid 
therapy was given. The patients who were in shock and _ received 
adequate plasma replacement therapy responded with an increase in 
or maintenance of the specific gravity. In early burn shock the plasma 
specific gravity may also decrease. In our experience it has been diffi- 
cult to prevent the specific gravity from falling by administering 
adequate plasma, and the problem of increasing plasma protein con- 
centration has not occurred. If a burn has been neglected, secondary 
dehydration may develop, but this is not a factor in the initial treatment. 
The initial loss of protein in and around the burned area is so great that 
the plasma specific gravity decreases. This should not be confused 
with the concentration of the hematocrit, but should be considered as a 
separate change. 
TREATMENT OF SHOCK 


The importance of the early recognition of impending shock has 
been stressed because it is in the early stages that replacement therapy 
can be most effectively accomplished. The decreased blood pressure of 
hematogenic shock develops only after there has been a marked decrease 
in blood volume and the circulation is no longer able to compensate 
by peripheral vasoconstriction. If the blood volume can be replenished 
before this advanced stage is reached, many of the deleterious effects 
of peripheral circulatory failure may be avoided, and the patient will 
respond more favorably. The injured patient should be treated as soon 
as possible; an hour’s delay may mean the difference between irrepara- 
ble circulatory damage and compensable impending failure. The com- 
pound fracture should not be débrided or the burn treated locally until 
blood or plasma is available and intravenous injection started. One 
of the greatest errors of clinical judgment is to underestimate the 
seriousness of an injury, and to have the patient develop the classical 
signs of shock on the operating table without having received adequate 
shock therapy. The ease with which blood or plasma may be preserved 
no longer permits the excuse that proper fluid was not obtainable. 

The treatment of shock may be divided into two main categories: 
(1) General features including oxygen and drug therapy, and (2) fluid 
replacement. 

General Features—The injured patient should be made as comforta- 
ble as possible and small doses of morphine are not contraindicated 
after the extent of the injury has been determined. Major bleeding 
should be controlled and compound fractures should be temporarily 
immobilized to prevent further damage to the soft tissues. The patient 
should be kept warm, but Blalock and Mason’? have shown that over- 
heating may be deleterious. At the present it seems most advisable to 
conserve body heat by means of blankets, ete., but excessive external 
heat is contraindicated. The foot of the bed or stretcher should be 
elevated to promote venous return from diminished peripheral cireula- 
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tion. The administration of a high concentration of oxygen is of value 
in combating the anoxemia of shock. Wood, Mason, and Blalock'® have 
demonstrated experimentally that an increase in oxygen content of 
arterial and venous blood is beneficial in the shocked animal, and clinical 
experience has confirmed their observations. 

The use of vasopressor drugs such as adrenalin and ephedrine should 
be discouraged. T'reeman and others? have shown that shock may be 
produced by prolonged administration of adrenalin. Compensatory 
peripheral vasoconstriction is already present in hematogenice shock, and 
further constriction may lead to increased capillary stasis and anoxemia. 
Small amounts of ephedrine or adrenalin are permissible in the early 
neurogenic shock, but the patients should be carefully selected. 

Adrenal cortical extract is being recommended in shock on the theory 
that it will prevent or decrease capillary permeability. The work 
of Swingle and others'*:'’ has resulted in favorable reports of its 
efficacy. Rhoads'® has used adrenal cortical extract in conjunction 
with plasma in treating burned patients. Their results indicate that 
less plasma is required to maintain the blood volume if adequate 
adrenal cortical extract is used. Although these results seem definite, 
the response of the burned patient is variable, and great care must be 
taken in evaluating clinical results. This is by no means a condemna- 
tion of the extract, but merely a reservation of final opinion until this 
method of treatment has withstood the test of extensive clinical evalu- 
ation. In our elinic, burns of apparently equal severity have been 
treated with and without the extract with no appreciable difference in 
protein and fluid requirements. If there is a generalized increase in 
capillary permeability in secondary shock, the method is sound; if 
all the fluid is lost at the site of the damaged capillaries it would seem 
of less value. 

Fluid Replacement.—The most fundamental aspect of the present- 
day treatment of shock is the replacement of the various elements lost 
from the circulation. The proper treatment demands an understanding 
of the relative proportion of red cells, fluid, and protein which are 
lost in various types of hematogenic¢ shock. Fig. 2 is a schematic repre- 
sentation of the relative amounts of the three elements present in the 
blood stream when the decreased blood pressure is due to (1) dehy- 
dration, (2) hemorrhage, (3) trauma, and (4) burns. The electrolytes 
and other components of the plasma are disregarded for purposes of 
simplicity. The dehydrated patient requires only the parenteral in- 
jection of normal saline solution. The total circulating protein and 
red cells have not been depleted. 


When the blood volume is depleted by hemorrhage the protein, fluid, 
and red cells are lost in the same proportion as they existed in the 
blood. If the hemorrhage has been minor, the volume may be restored 
with saline solution or, if more extensive, whole blood should be used, 
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The body will tolerate extensive loss of red cells, but a serious hemor- 
rhage may result in a serious loss of protein. If the circulation is re- 
stored with plasma, red cells may be mobilized from areas of stagnation 
or reserve sources. Brennan’ has shown that an actual increase in 
circulating red cells may result from plasma injections following hemor- 
rhage. Slow prolonged hemorrhage may result in the visceral changes 
of traumatie shock, and require the same type of treatment. 
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Fig. 2.—Schematiec representation of shift of blood components in shock. 


In traumatic shock whole blood is lost at the site of injury, but 
there is an excessive loss of plasma from the damaged capillaries. 
Consequently, the total volume of red cells may be decreased, but the 
most marked decrease occurs in the fluid and protein elements of the 
circulation. Actual determinations of the plasma volume may indicate 
a 50 per cent reduction of fluid. Although the concentration of ¢ir- 
culating plasma protein may be normal or only slightly decreased, the 
total circulating protein is greatly reduced. The intravenous injection 
of saline solution is detrimental. The saline solution causes dilution 
of the remaining protein and a resultant decrease in colloid osmotic 
pressure. It may cause a temporary increase in blood pressure, but the 
increased hydrostatic pressure will result in further protein loss and 
more profound shock. Plasma or whole blood should be used in 
traumatie shock to replace adequately the depleted circulation. The 
large amounts necessary must be emphasized, as 1,500 or 2,000 e@.e. 
of blood or plasma are often required to replenish the blood volume 
of the adult in shock.’ 

The shock resulting from burns is almost entirely due to plasma 
loss in the vesicles of the burn and in the underlying tissues. The volume 
of red cells remains essentially unchanged and the hematocrit increases. 
The plasma volume is greatly reduced and a tremendous amount of 
plasma protein is lost. The fluid in the vesicles contains 4 to 5 Gm. 
per cent of protein. Since about 90 per cent of this protein is albumin, 
an inversion of the albumin-globulin ratio results. It is of interest 
to note that in recently burned patients the loss of protein is so great 
that the plasma specific gravity and protein concentration decreases. 
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For this reason, the burned patient requires very large amounts of 
plasma to replenish the fluid and protein. Saline injections are as 
deleterious in burns as in traumatic shock because of protein dilution 
and resultant edema. 

A comparison of the response of two burned patients to fluid therapy 
emphasizes the importance of carefully analyzing the changes as they 
oceur in the circulation. Patient G. S. (Fig. 3) was admitted to the 
hospital in profound shock with second- and third-degree burns of the 
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Fig. 3.—Graph of hematocrit and plasma levels after extensive burns in Patient G. 5. 


entire trunk, face, neck and both arms. The severity of the shock is 
indicated by the fact that his blood pressure did not reach a normal 
level for thirty-six hours in spite of intensive fluid therapy. This pa- 
tient received a total of 2,200 ¢.c. of plasma and 6,600 ¢.c. of saline 
solution during the first twenty-four hours with a resultant marked 
decrease in the plasma specific gravity. His condition was so serious 
that it was impossible to adequately débride and treat the burned area; 
however, tannic acid and silver nitrate were applied to decrease local 
fluid loss. Actually he required an amount of fluid greater than his 
entire blood volume to maintain the circulation in spite of the use of 
adrenal cortical extract. It is obvious from the decrease in the plasma 
specific gravity and protein concentration that he should have received 
much more protein and less saline solution. The albumin-globulin ratio 
became inverted by the second day, and this is due to the greater loss 
of albumin than globulin in the burned area. This case also illustrates 
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the possibility of error inherent in the specific gravity determination 
of protein concentration. Plasma protein analyses were performed by 
the micro-Kjeldahl method as a check on the specific gravity. There 
is a close relationship between the results obtained by the two methods 
when the albumin-globulin ratio is normal, but the specific gravity 
interpretation is less accurate when the albumin-globulin ratio is re- 
versed. The hematocrit remained concentrated during the first twenty- 
four hours, but on the second day returned to the normal level. 
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Fig. 4.—Graph of hematocrit and plasma — after extensive burns in a 9-year-old 
child. 


The second case illustrated is that of a 9-year-old girl who had 
received second- and third-degree burns of the trunk and arm involving 
about 30 per cent of the body surface (Fig. 4). The plasma specific 
gravity and protein concentration were maintained at a normal level 
by the injection of whole plasma and comparatively little saline. Her 
course during this period was uneventful, the blood pressure was 
maintained, temperature did not rise above 38.5° C., she tolerated 
fluids by mouth, and the urinary output was adequate. Although she 
was not as extensively burned as the first patient, the various observers 
agreed that she would have developed peripheral circulatory failure 
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without adequate therapy. The local burn was treated with sulfadiazine 
in triethanolamine. 

Each burned patient must be evaluated as an individual problem. 
The red blood count and hemoglobin should be determined at frequent 
intervals. If facilities are available the red cell hematocrit, plasma 
specific gravity, and protein concentration yield valuable information 
in determining fluid therapy. In our experience the specifie gravity 
and protein concentration have been found to decrease rather than 
increase during the first few hours before plasma is started. It is 
true that the specific gravity might have increased if treatment had 
been deferred sufficiently long to allow dehydration to develop. This 
early fali in specific gravity can be readily explained by the tremendous 
loss of fluid and proteins into the vesicles and into tissues beneath the 
burned area. The greatest loss of protein occurs during the first twenty- 
fours hours, and whole plasma is usually necessary to compensate for 
this loss. There is relatively less protein lost during the second twenty- 
four hours, but in severe burns parenteral protein injections are still 
necessary. The hematocrit may fall below normal by the third or fourth 
day, necessitating whole blood transfusions. The necessity of determin- 
ing the blood nonprotein nitrogen and chlorides should be stressed. No 
hard and fast rule of fluid therapy will be satisfactory in all patients, 
and only by careful attention to details can the patient be adequately 
treated. 


CONCLUSIONS 


1. The early recognition of shock and its therapy depend on a 
knowledge of the physiologic changes occurring in the failing cireula- 
tion. 

2. There is no single diagnostic criterion by which impending cireu- 
latory failure may be recognized and at the present time the diagnosis 
depends on a general evaluation of the patient. The inadequacy of single 
hematoerit and plasma specific gravity determinations has been stressed. 


3. The plasma specific gravity may decrease rather than increase 
in the early stages of shock. 

4. Adequate fluid therapy depends on the relative amounts of red 
cells, fluid, and protein which must be restored to the circulation. 

5. Fluid therapy is most efficient when instituted before the patient 
develops the classical signs of shock. 
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STUDIES OF THE ARTERIAL OXYGEN SATURATION IN THE 
POSTOPERATIVE PERIOD AFTER PULMONARY 
RESECTION 


Hersert C, Mater, M.D., ANp ANDRE CoURNAND, M.D., New York, N. Y. 
(From the Tuberculosis Service, Bellevue Hospital, and the Departments of Surgery 
and Medicine of the College of Physicians and Surgeons, Columbia University) 

NOXIA, or oxygen want in the tissues, has widespread detrimental 
effects that have been recognized for some time and many investi- 
gations on this subject have been published recently. Since one of the 
chief causes of anoxia is impairment in the oxygenation of the blood 
as it passes through the lung, one might expect to encounter anoxia 
following major thoracic operations. Clinically, however, oxygen want 
is often undetected, and the significance of anoxia of slight degree is not 
sufficiently appreciated. Little is known of the severity, frequency, and 
duration of oxygen want after pulmonary resection. In the present 
investigation several hundred determinations of the arterial oxygen 
saturation have been made in the postoperative period in order to obtain 
an accurate estimate of the degree of anoxia after the various types 
of major thoracic procedures, and these values have been compared in 
most instances with preoperative determinations. Special attention has 
been given to cases of pulmonary resection. 

It should be emphasized that no attempt is made to evaluate all 
aspects of anoxia in thoracic surgery on the basis of the data here re- 
ported. We have studied the occurrence of lowering of the oxygen 
saturation of the arterial blood, that is anoxic anoxia, and we have some 
information about anemic anoxia from oxyhemoglobin capacity deter- 
minations, but to date we do not have accurate information concerning 
the importance of stagnant anoxia in thoracic surgery. 

The recognition of lowering of the oxygen saturation of the arterial 
blood is of considerable clinical importance. The anoxia encountered 
after thoracic surgery usually can be corrected by the administration of 
an adequate concentration of oxygen by inhalation therapy. If un- 
treated, the anoxia may be the forerunner of numerous postoperative 
complications. 

TECHNIQUE 

A determination of the arterial oxygen saturation was usually done 
within the first few days after operation, and often on the first post- 
operative day. Additional determinations were made during the post- 
operative period, but none was made during the first few hours after 
operation when the effects of a general anesthesia were still present. 
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In most instances the patients were receiving sedatives and narcotics 
during the period in which the studies of the arterial oxygen saturation 
were made, but rarely was the blood sample taken shortly after a nar- 
cotic was administered. Moreover, the doses of morphine employed were 
small. If the patient was receiving oxygen therapy, as was frequently 
the case in the early postoperative period, he was removed from the 
oxygen tent, or the oxygen by catheter or mask was discontinued for 
a period of at least thirty minutes, and usually over an hour, before the 
arterial blood was taken. It is recognized that even an hour after 
discontinuing oxygen therapy the blood may not have returned to its 
basic level of unsaturation, especially if the degree of anoxemia is 
severe. In some instances the taking of the blood was postponed for a 
day or so because it was considered inadvisable to discontinue the oxygen 
therapy even for one-half hour. 

The arterial blood for analysis was obtained from the brachial artery 
under anaerobic conditions. The blood was drawn into pipettes within 
fifteen minutes of the time it was withdrawn from the artery. The 
oxygen content and oxygen capacity of the blood were immediately 
determined by the method of Van Slyke and Neill, and the per cent 
saturation caleulated. All determinations were done in duplicate. In 
the method employed the normal range of saturation of the arterial 
blood with oxygen is 94 to 96 per cent except in older subjects in whom 
values down to 92 per cent may be regarded as normal.’ We consider 
an arterial oxygen saturation of less than 90 per cent as indicating 
a clinically significant degree of anoxia. Less than 85 per cent satura- 
tion of the arterial blood indicates a relatively severe degree of anoxia. 

The carbon dioxide content of the arterial blood was also determined, 
but since the results do not appear to be particularly significant the 
data on carbon dioxide are not presented. 


MATERIAL 


The oxygen saturation of the arterial blood was studied after a 
variety of thoracic surgical procedures, but particular attention was 
given to cases in which the patients had been subjected to pulmonary 
resection. A total of 17 patients was studied following pneumonectomy, 
and 13 of this group were followed until the arterial oxygen saturation 
returned to a normal level. The 4 remaining patients died in the post- 
operative period. Of the 17 pneumonectomy cases, 12 were total pneu- 
monectomies, i.e., the lung was removed completely by hilar dissection, 
whereas in the remaining 5 eases a tourniquet was employed and a 
fragment of pulmonary tissue was left behind. In addition to these 
eases, there was one patient (M. K.) in whom all of the right lung 
except a small portion of the upper lobe was removed. This case will 
be discussed separately later. 

A group of 21 patients was studied following lobectomy. In some of 
these cases a bilobectomy was done. In most instances the case was 


‘ 
24 
| 
| 
= 


MAIER AND COURNAND: ARTERIAL OXYGEN SATURATION 201 


followed in the postoperative period until a normal arterial oxygen 
saturation was found. 
PNEUMONECTOMY 

The results of the arterial oxygen saturation determinations after 
pneumonectomy are presented in Table I. In a few patients with a 
very satisfactory clinical course the arterial blood had a normal oxygen 
saturation within two to three days after removal of one lung. The 
majority of the patients, however, had slight reduction in arterial oxy- 
gen saturation for the first week after pneumonectomy. In no instance 
did the percentage saturation drop below 85 per cent at any time un- 
less serious postoperative complications occurred. 

In two eases there was a prolonged arterial oxygen unsaturation as- 
sociated with a deviation in the position of the mediastinum. In one 
of these patients (E.B.) the clinical course was quite satisfactory but 
a large fluid accumulation on the operated side displaced the medias- 
tinum into the normal side. Restitution of the mediastinum to a median 
position by the withdrawal of fluid resulted in a rapid return of the 
arterial oxygen saturation to a normal level. The other patient (D. M.) 
was a 62-year-old male with senile type of emphysema in both lungs 
and carcinoma of the left lung. Prior to the preoperative pneumothorax 
the arterial oxygen saturation was 90.7 per cent, which is almost normal 
for a man of his age. The arterial oxygen studies in the postoperative 
period were of great interest. The pneumonectomy was well tolerated 
as far as the surgical procedure was concerned. The arterial oxygen 
saturation dropped only slightly in the first few days after pneumonec- 
tomy. Although no surgical complications developed, the arterial oxy- 
gen saturation continued to drop gradually during the next three weeks. 
The pulmonary function was investigated and it was discovered that 
the residual air volume had reached the very high value of 70 per cent 
of the total lung volume. This finding indicated that because of the 
displacement of the mediastinum to the operated side the remaining 
lung was in a markedly overdistended state and as a result was not 
properly ventilated. In order to lessen the overdistention in the re- 
maining lung a pneumothorax was induced on the operated side so that 
the mediastinum would be less deviated. With return of the medias- 
tinum to approximately the preoperative position there was a rapid im- 
provement in the arterial oxygen saturation associated with a decrease 
in the distention of the lung. The reason for the disturbance caused 
by the mediastinal displacement following pneumonectomy in this case 
was the pre-existing emphysema in the remaining lung. Following 
overdistention this already emphysematous lung could not adjust itself 
functionally as a normal remaining lung usually does after pneumonec- 
tomy. 

LOBECTOMY 

The results of the arterial oxygen determinations after lobectomy are 

presented in Table II. Following lobectomy the arterial oxygen satura- 
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tion returned to a normal level somewhat more slowly than in the un- 
complicated pneumonectomy eases. Most of the determinations made 
within a week of operation revealed some anoxie anoxia. In most of 
the cases in which the arterial oxygen saturation remained abnormally 
low for more than a week postoperatively some interference with pul- 
monary ventilation was present. In a few instances, however, the ar- 
terial oxygen saturation was low for a period of over a week in spite 
of excellent re-expansion of the remaining lobe on the operated side 
and in the absence of any postoperative complications. The explana- 
tion of this finding is apparently a temporary impairment in the cor- 
relation of ventilation and circulation in the remaining pulmonary tis- 
sue on the operated side. If, after lobectomy, difficulty is encountered 
in re-expansion of the remaining lobe on the operated side, several 
weeks may elapse before the arterial oxygen saturation reaches a nor- 
mal level. In the case of G. M. the remaining lobe did not re-expand, 
but the arterial oxygen saturation nevertheless gradually became nor- 
mal. If pleural fluid accumulates due to inadequate drainage after 
lobectomy, the remaining lobe may be compressed and oxygenation of 
the blood interfered with. If a pneumonie process develops in either 
lung, anoxia may result. The retention of bronchial secretion may lead 
to severe anoxia as well as atelectasis and pneumonie infiltration. Other 
factors are diminished respiratory movements and mediastinal displace- 
ment. Abnormalities of the remaining pulmonary tissue, especially 
emphysema and fibrosis, are of great importance. 

A small amount of lung tissue which is poorly aerated, but still well 
perfused with blood, may significantly affect the arterial oxygen satura- 
tion. This is well illustrated by a case of bronchiectasis (M. K.) in 
which the right lower and middle lobes as well as a large part of the 
right upper lobe were removed. The remaining portion of the upper 
lobe re-expanded slowly. The arterial oxygen saturation remained be- 
tween 86 and 90 per cent for six weeks after operation and did not 
reach a normal level until two months after operation. During most 
of the postoperative period there was no dyspnea or cyanosis but the 
patient complained of anorexia and headache which were improved by 
oxygen therapy. It seems probable that the remaining portion of the 
right upper lobe was perfused with blood from the pulmonary artery 
before adequate ventilation of these alveoli was restored. Had a total 
pneumonectomy been done instead, the arterial oxygen saturation would 
probably have reached a normal level much more rapidly. (Table I). 

The effect of a bronchocutaneous fistula on the arterial oxygen sat- 
uration was studied in one case. When a large bronchial fistula de- 
velops after pneumonectomy, it is obvious that severe degrees of anoxia 
may result from interference with adequate ventilation of the remaining 
lung. We studied a case in which a moderate-sized fistula developed 
after lobectomy. The findings are shown in Table III. 
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TABLE IIT 


EFFECT OF BRONCHOCUTANEOUS FISTULA ON ARTERIAL OXYGEN SA1TURATION 


ARTERIAL OXYGEN 


FISTULA SATURATION (%) 
Fistula open with patient breathing room air 87.2 
Fistula closed with patient breathing room air for 45 min. 90.7 
Fistula open with patient breathing 100 per cent oxygen for six min. 93.7 
Fistula closed with patient breathing 100 per cent oxygen for 6 min. 96.7 


DISCUSSION 


After surgical intervention in the thorax, anoxic anoxia is frequently 
present. Whereas the value of oxygen therapy in major thoracie¢ sur- 
gery has been well established, no data have been available to aid in 
determining how long the anoxia persisted following operation. It is 
usually customary to administer oxygen for only a few days after oper- 
ation unless the patient is obviously dyspneic or cyanotic. Yet our 
studies have shown that in some patients in whom no dyspnea or eyano- 
sis was present a significant degree of anoxic anoxia persisted for weeks. 
When oxygen therapy was again instituted in such instances, marked 
clinical benefit was observed. 

A comparison of the arterial oxygen saturation after pneumonectomy 
with the values obtained after lobectomy reveals the unexpected finding 
that the anoxic anoxia was apparently often more pronounced and 
lasted longer after lobectomy than after pneumonectomy in the absence 
of postoperative complications. The explanation of this finding lies in 
the fact that after uncomplicated total pneumonectomy all the blood 
flows through the opposite lung, which is well ventilated. Following 
lobectomy, however, the remaining lobe or lobes on the operated side 
are frequently poorly ventilated for a time postoperatively. Even 
though the roentgenogram may show good expansion of the remaining 
lobe immediately after operation, the actual ventilation of that lobe may 
be poor. Since a considerable amount of blood may be flowing through 
the pulmonary vessels of the poorly ventilated lobe, arterial oxygen 
unsaturation results. Pulmonary collapse because of failure of the 
lobe to re-expand, or collapse caused by compression from pleural fluid, 
was a frequent finding in those cases which showed marked or pro- 
longed anoxie anoxia after lobectomy. 

Following pneumonectomy there were only two cases without post- 
operative pneumonia or empyema in which the arterial oxygen satura- 
tion did not return to a nearly normal level by the end of the first week 
after operation. In both of these instances there was a close correlation 
between the arterial oxygen saturation and a change in the position of 
the mediastinum. In one patient (E. B.) the mediastinum was dis- 
placed toward the remaining good lung by a large fluid accumulation 
on the operated side. Following withdrawal of the excess pleural fluid 
and return of the mediastinum to a normal position there was a prompt 
return of the arterial oxygen saturation to normal, In the other patient 
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(D. M.) the usual postpneumonectomy mediastinal deviation toward the 
operated side could not be tolerated because of the pulmonary emphy- 
sema present. Here again the arterial oxygen saturation returned to the 
preoperative level when the mediastinal displacement was lessened. 

Longacre, Carter, and Quill? made an experimental study of some of 
the physiologic changes following total pneumonectomy in dogs. These 
authors did not study the animals in the early postoperative period but 
found little or no arterial oxygen unsaturation at rest two months after 
pneumonectomy. <A severe exercise which had not caused anoxia before 
pneumonectomy resulted in marked arterial oxygen unsaturation after 
pneumonectomy. Longacre, Carter, and Quill quote Heuer and Andrus 
as having noted in resting animals ‘‘a marked fall in the blood oxygen 
content up to the eleventh day, returning to normal by the twenty- 
fifth to thirtieth day.’’ These determinations by Heuer and Andrus* 
were made on venous and not arterial blood. It is not stated whether 
the venous blood was mixed venous blood from the right heart or 
whether the blood was obtained from a peripheral vein, although this 
would influence the results. Studies of the arterial oxygen satura- 
tion in the early postoperative period after pneumonectomy in dogs 
would not be applicable to man. When pneumonectomy is performed 
in a dog, a contralateral pneumothorax results and therefore the ex- 
pansion of the opposite lung may be altered to a considerable degree 
immediately after operation. There are practically no data to be 
found in the literature concerning the degree and duration of anoxie 
anoxia which may occur in the early postoperative period after major 
thoracic surgical procedures in man. 

The effect which a bronchial fistula will have on the oxygen satura- 
tion of the arterial blood may vary with the size of the fistula. The 
effect of a bronchocutaneous fistula may be less marked than that of a 
bronchopleural fistula because of the possibility of more rebreathing 
with the latter. A large bronchial fistula may interfere seriously with 
adequate ventilation of the lungs. Touroff* has reported a case in which 
fatal anoxemia resulted from a large bronchopleural fistula following 
pneumonectomy. His patient became dyspneic and cyanotic whenever 
the opening to the large fistula was not occluded by a packing. No de- 
terminations of the arterial oxygen saturation were reported in that 
case. 

The oxygen saturation of the arterial blood was determined in a small 
number of cases after thoracic exploration. The operative procedures 
were performed chiefly for pulmonary tumors which proved to be in- 
operable. All of the cases showed a slight reduction in the arterial 
oxygen with the saturation varying from 89.5 to 93.0 per cent (Table 
IV). 

The arterial oxygen saturation was also studied in twenty-seven pa- 
tients after thoracoplasty. A slight reduction in arterial oxygen satura- 
tion was often observed even in some good-risk patients with no post- 
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TABLE IV 


EXPLORATORY THORACOTOMY 


ARTERIAL OXYHEMOGLOBIN 

CASE TIME OF DETERMINATION CONTENT CAPACITY SATURATION 
(voL. % (voL. %) (%) 
R.B. Preoperative 17.8 19.7 91.5 
days postoperative 15.6 oc 91.7 


H.G, day postoperative 10.4 “ 93.0 


RP. Preoperative 91.0 
days postoperative 3. 5. 91.6 


J.T. Preoperative 92.7 
day postoperative 3.$ 5. 90.0 
days postoperative 13. 7 89.5 


R.Z. Preoperative 93.4 
days postoperative 90.8 


operative complications. Although most of the patients studied after 
thoracoplasty showed an appreciable drop in the per cent saturation 
of the arterial blood with oxygen, these findings do not give a true pic- 
ture of the frequency of anoxia immediately following the thoracoplastic 
procedure. Not all of the patients subjected to thoracoplasty during a 
given period were studied but the investigation stressed rather the poor- 
risk group. 

In order to determine whether the finding of postoperative anoxic 
anoxia was peculiar to thoracic surgery, a small group of patients who 
had undergone major abdominal surgery was studied as controls. In 
determinations of the arterial oxygen saturation of thirteen patients 
shortly after an abdominal operation, chiefly procedures in the upper 
abdomen, no instance of anoxic anoxia was found (Table V). None 
of these patients had any pulmonary complications but in some the 
diaphragm was elevated by abdominal distention. The patients were 
receiving morphine at the time the determinations were made. 


TABLE V 


ABDOMINAL CASES 


DAYS ARTERIAL OXYHEMOGLOBIN 
CASE OPERATION POSTOP- | CONTENT | CAPACITY| SATURA- 
ERATIVE | (VOL. % ) TION (%) 
13.2 3.5 96.3 
12.7 5 96.1 
13.8 95.1 
18.4 9.8 93.8 
12.7 3.6 94.3 
19.6 20.! 94.4 
15.6 1.6 94.8 
15.3 95.1 
18.6 9. 98.3 
13.0 93.8 
14.7 D. 94.6 
11.4 2.2 94.4 
12.9 93.0 


M.B. | Cholecystectomy 

F.D. Cholecystectomy 

M.B.  |Cholecystoduodenostomy 
W.K. | Cholecystectomy 

J.K.  |Gastrectomy 

J.M. Appendicectomy 

JS. Gastrectomy 

S.S. Exploratory laparotomy 
Cholecystectomy 

A.T.  |Gastroenterostomy 

J.T. Laparotomy 

E.W.  |Cholecystectomy 

M.H. |Exploratory laparotomy 
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It should be pointed out that a normal arterial oxygen saturation 
does not necessarily mean that oxygen therapy would be of no benefit. 
Although the saturation of the arterial blood may be within normal 
limits, the venous blood may have an abnormally low oxygen content 
and the tissues may not be supplied with adequate amounts of oxygen. 
The use of high oxygen concentrations may increase the oxygen con- 
tent of the arterial blood above ordinary levels and thus be an aid in 
the treatment of stagnant anoxia.° Also, in spite of a normal arterial 
saturation, oxygen therapy may be indicated in stagnant anoxia for the 
purpose of reducing hyperventilation and decreasing whatever dyspnea 
is present. 

Our present investigation has not included observations on the day of 
operation. The importance of avoiding anoxia during anesthesia and 
operation has received considerable attention recently. The importance 
of adequate ventilation and oxygenation during thoracic procedures 
cannot be overemphasized. Anoxia undoubtedly has been the main 
etiologic factor in many an instance of death during or shortly after 
a thoracic operation when the fatality was attributed to heart failure. 
-atients with pulmonary emphysema and fibrosis show the most marked 
disturbances in arterial oxygen saturation after thoracic surgery and 
even a relatively small intervention may cause considerable anoxia. 

The effect of drugs which depress respiration must be considered in 
an evaluation of the causes of anoxia. During the early postoperative 
period the patients studied were receiving morphine and other seda- 
tives. Generally the drugs were employed in small doses. The blood 
for analysis usually was not obtained in close relationship to the time 
when the sedative was administered. MeClure and his co-workers® 
have reported anoxia after the administration of various sedatives and 
analgesics, but we do not believe that this is a significant factor in our 
results. The cases investigated after abdominal surgery were receiving 
similar doses of morphine at the time they were studied and did not 
show anoxic anoxia. Large doses of sedatives, however, may well be 
a factor in anoxia. 

Determinations of the arterial oxygen saturation in the postoperative 
period after thoracic surgery have repeatedly demonstrated the inac- 
curacy of clinical criteria of anoxia. The unreliability of dyspnea and 
cyanosis as accurate signs of oxygen deficiency must be stressed. Severe 
anoxia may exist in the absence of cyanosis, especially if the patient 
is anemic. The importance of other signs and symptoms of anoxia, such 
as those seen at high altitudes, is frequently overlooked. 

Our investigation permitted us to compare the presence of clinical 
signs or symptoms of anoxia with the arterial oxygen saturation. In a 
considerable number of cases there was no dyspnea in spite of anoxic 
anoxia. Cyanosis was often difficult to detect, sometimes because of 
pallor. A number of patients complained of headache and anorexia 
when the arterial oxygen saturation was below normal, and these symp- 
toms, when caused by anoxia, were frequently relieved by oxygen ther- 
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apy. In one patient (A. F.) restlessness, mental confusion, and hallu- 
cinations with muscular incoordination were observed during marked 
anoxia. The cause of the symptoms was suggested by the determination 
of the arterial oxygen saturation. Instead of waiting for such symp- 
toms of anoxia to develop, however, it is preferable to make a deter- 
mination of the arterial oxygen saturation routinely. By this means 
the presence of anoxie anoxia will be detected in its earliest stages and 
indicate that the administration of an atmosphere rich in oxygen may 
be beneficial. 


SUMMARY AND CONCLUSIONS 


Studies of arterial oxygen saturation have been made, before and 
after operation, in 17 cases that had pneumonectomy and in 21 cases 
that had lobectomies. From the data obtained the following conclusions 
were drawn. 

1. Unrecognized anoxia is a common occurrence in thoracic surgery, 
and not infrequently is of major importance. 

2. Following lobectomy there was frequently some degree of anoxia 
for a week. The remaining lobe on the operated side re-expanded 
poorly in two cases and the anoxia was more prolonged in these in- 
stances. 

3. Following total pneumonectomy in the good-risk patient without 
complications, the oxygen saturation of the arterial blood returned to a 
normal level within a few days of operation. 

4. Complications in the postoperative period after lobectomy and 
pneumonectomy frequently resulted in anoxia. 

5. Significant anoxia was sometimes present in the absence of dys- 
pnea and cyanosis. Symptoms such as headaches, restlessness, and 
mental confusion encountered in the postoperative period were in some 
instances due to anoxia. 

6. If complications arise after pulmonary resection, prolonged oxygen 
therapy may be indicated. 

7. Determinations of the oxygen saturation of the arterial blood after 
thoracic surgery may reveal unsuspected anoxia, sometimes of severe 
degree. Since the technique is simple, arterial oxygen determinations 
should become a part of the management of patients after pulmonary 
resection. 
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THE EFFECT OF ATROPINE ON GASTRIC SECRETION 
DURING THE NIGHT 


FREDERICK B. Mears; M.D.,* MINNEAPOLIS, MINN. 
(From the Department of Surgery, University of Minnesota Hospitals) 


HERE have always been differences of opinion concerning the 

secretion of gastric juice during the interdigestive period. Spal- 
lanzani (1783) and Brown (1876) postulated that the secretion of 
gastric juice is continuous. Beaumont (1847) observed that the gastric 
juice was never found free in the unstimulated stomach of Alexis St. 
Martin. As early as 1895, Schnele studied the secretion and motility 
of the normal human stomach by means of a catheter left in situ. 
Pavlov (1910) and his pupils believed that, in the absence of secretory 
stimuli such as food, acting from the mouth cavity, stomach, or upper 
part of the small intestine and when certain ‘‘psychic influences’’ are 
also absent, the peptic glands remain in a state of rest under which 
condition no gastric juice is secreted. 

Rehfuss, beginning in 1914, determined the previous conception of the 
fasting stomach to be erroneous by obtaining amounts of 30 to 120 cee. 
of fasting secretion from healthy medical students. Carlson (1916) 
found that, in the absence of food or psychic factors, there was a con- 
tinuous secretion of the gastric glands varying from 2 to 50 ¢.¢. an 
hour with an average content of 40 ¢.c. of fluid in the fasting stomach. 
He observed that this continuous or ‘‘hunger secretion’’ had a uni- 
formly lower acidity than the appetite juice. Crohn and Reiss (1917) 
believed that an ‘‘after secretion’’ might persist for many hours post- 
prandial but they considered it a manifestation of pathologic hyperse- 
cretion; they were unable to duplicate the work of Rehfuss in normal 
individuals. Rehfuss and Hawk (1921) inferred that the gastric re- 
sidua which they obtained were due to a constant secretion of the 
gastric glands which they believed to be continuously active. They 
found during the interdigestive period that the secretory rate, the free 
acidity, and the total acidity were all reduced. Lim (1924) considered 
the continuous secretion as the ‘‘basal seeretion’’ of the stomach to 
which the subsequent enhanced activity of the glands, as a result of 
controlled stimulation, must be related. Chalfen (1928) and Henning 
and Norpoth (1933) reported that normal subjects did not have an acid 
secretion during the night in econtradistinction to the secretion of a 
juice of high acid value by patients suffering from peptic ulcer. Win- 
kelstein (1935) confirmed this work when he found that nine out 
of twenty normal patients showed no free acid secretion during the 
night, the remainder having very low values with a composite peak 
*Now with United States General Hospital No. 26, Fort Sill, Oklahoma. 
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of 12° at eleven o’clock. He reported that the quantity of secretion 
seldom exceeded 15 ¢.c. during the whole night, whereas patients with 
peptie ulcer averaged high volume and acid values. 

Hellebrandt and co-workers (1936) contrasted the diurnal and noe- 
turnal responses of the same normal subjects. They found that, in 
general, the acidity of the gastric juice spontaneously liberated during 
sleep at night was higher than that produced during the day and postu- 
lated that if the stomach has the ability to liberate spontaneously a 
juice of high acid value, its nocturnal responsiveness exceeds that of 
the day. 

Sandweiss (1941), in studying gastric secretion at night in both 
normal individuals and peptic ulcer patients, reports that he obtained 
secretory volumes in both groups much higher than previously reported. 
He found the volume of secretion significantly higher in ulcer patients 
although the concentration of free acid was about the same in both 
groups. 

Many theories have been postulated to explain the mechanism of in- 
terdigestive gastric secretion. It has been attributed to the mechanical 
irritation of the tube or a result of psychic influences producing a 
secretion via the vagus nerve. Carlson believed that the produets of the 
autodigestion of the mucin and proteins in the gastrie juice yielded 
gastric secretagogues which act as chemical stimuli for a slow con- 
tinuous gastric secretion. However, Hellebrandt has pointed out that 
continuous aspiration affords minimal opportunity for this to take place. 
The whole problem was reviewed by Babkin (1932), who advanced the 
view that continuous gastric secretion is always due to the action of 
normal or abnormal stimuli among which he listed conditioned reflexes, 
the swallowing of saliva and regurgitation into the stomach of duodenal 
juices, food residuum in the stomach, food masses in the intestine, skin 
disease or infection, and the presence of gastric gases. Hellebrandt, 
in emphasizing the eyelic nature of the production of acid, postulates 
that gastric secretion, like gastric motility, is augmented during sleep 
at night, the secretory and motor mechanisms of the stomach being simi- 
larly governed. 

The importance of thoroughly comprehending the nature of the inter- 
digestive gastric secretion is readily realized when the role of acid in the 
production of peptic uleer is considered. The occurrence of ulcer only 
in those individuals whose stomachs secrete free hydrochloric acid; the 
hypersecretion of gastric juice in ulcer patients (particularly duodenal 
uleer) ; the occurrence of ulcer only in those parts of the gastrointestinal] 
tract exposed to the action of gastric juice; the occurrence of ulcer in 
Meckel’s diverticulum adjacent to patches of ectopic fundus mucosa; 
the absence of recurrent ulcer in patients exhibiting achlorhydria after 
gastrectomy; the success of medical management of ulcer when based 
on the principle of neutralization of the free acid; experimental ulcer 
production when gastric secretion impinges on a mucosa unprotected 


¢ 
: 
gee 


216 SURGERY 


by alkaline duodenal secretion, and the experimental production of 
ulcer in laboratory animals after the injection of histamine in beeswax— 
all these occurrences contribute to accumulated evidence that acid gas- 
tric juice is the sine qua non of ulcer. Thus, it is believed highly 
probable that during the interdigestive phase the acid gastric juice, 
undiluted by other secretions and unmixed with diluting, adsorbing, 
and neutralizing foodstuffs may be harmful to the mucous membranes. 
Whether the hypersecretion and hyperchlorhydria during the night 
are cause or effect, it is fair to suspect that the acid gastric juice is 
responsible for the initiation of the lesion, for its extension, and for its 
chronicity. 

There have been many attempts to control gastric secretion by the 
administration of pharmacologic products. Atropine and related com- 
pounds, because of their effect on the parasympathetic nervous system, 
have been extensively used. The regulatory activity of the vagus nerve 
on gastric acid secretion is an established fact but the influence of the 
splanchnies is still open to question. Bickel (1925) believed that the 
sympathetic nervous system had the major role in the production of 
enzymes by the gastric glands whereas the parasympathetic nervous 
system played a secondary part, influencing chiefly the secretion of 
water and acid. Baxter (1934) has shown that the sympathetic nervous 
system has some relation to the secretion of mucoid fluid by the gastric 
mucosa. However, it has never been definitely demonstrated that the 
sympathetic nerves directly influence the activity of the peptic or 
parietal cells. 

The site of action of atropine is usually considered to be on the post- 
ganglionic nerve endings in the cells or neurocellular substance but the 
subject is not clearly settled. Gray and Atkinson have suggested that, 
since atropine does have some effect on the secretory response to hista- 
mine, it must act on the cell as well. Ivy advanced the suggestion that 
atropine may prevent the formation of the secretory hormone in the 
stomach. 

Since atropine depresses the parasympathetics, one would expect it to 
depress or completely inhibit the primary or cephalic phase of gastric 
secretion, which is a reflex transmitted to the stomach via the vagus 
nerve. In laboratory animals it has been found that the secretion of 
appetite juice may be abolished by atropine. In human beings, Rehfuss 
found that %» gr. atropine, given hypodermically, reduced this secretion 
but did not abolish it. The intestinal phase of gastric secretion is, ac- 
cording to Ivy, mediated by the vagi and in laboratory animals is 
diminished or abolished by large doses of atropine. There have been 
no reports of the effect of atropine upon this phase in human subjects. 

What atropine does to the gastrie or chemical phase, however, is not 
clear. The vagi also seem to be concerned in the mechanism of this 
phase for Orbeli (1906) has demonstrated that after their section this 
secretion is diminished. Klein (1933) has shown that in dogs atropine 
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ean abolish the secretion due to chemical stimuli in the stomach in trans- 
planted pouches deprived of all peripheral nerve supply and subject only 
to humoral influences. In man, however, some (Pokras and Michelson) 
helieve that this phase cannot be suppressed although Bastedo states 
that doses large enough to cause toxic reactions may ineconstantly bring 
about a distinct reduction in the amount of secretion and acid titer. 
It should be borne in mind, however, that the gastric phase is given 
its start by the chemical substances formed from food by the action of 
psychie juice; thus, it is possible that if the appetite juice is diminished, 
the chemical juice will be developed more slowly. 

Many other investigators have extensively studied the effect of 
atropine on gastrie secretion. All who have observed its effeet in ani- 
mals agree that secretion is checked in all of its normal phases. Keeton 
(1933) found that in the dog the first effect of atropine is to decrease 
total quantity of both the gastric secretion and the pepsin content 
whereas the acid concentration is not decreased until a sufficient amount 
of atropine has been given to reduce the total quantity of secretion to 
an amount approximately 20 to 50 per cent of its original volume. 
Atkinson and Ivy (1938) confirmed these results, obtaining a volume 
reduction of 50 per cent in the response of the Pavlov pouch secretion 
to histamine with a diminution of 66 per cent in the total acid output 
as measured in milligrams. Bastedo suggested that these results could 
only be expected with the large doses of atropine that can be given the 
experimental animal. 

However, there exist wide differences of opinion concerning the effect 
of atropine in man. Porter (1932) observed that the height reached by 
the free acidity was not affected by atropine but that the volume was 
definitely decreased, the reduction varying from 40 to 60 per cent. 
Keefer and Bloomfield (1926) and Atkinson and Ivy (1936) obtained 
similar results, the former reporting a marked diminution in the total 
quantity of secretion as well as a reduction in the acidity without 
parallelism in the degree of reduction of each. Atkinson and Ivy, 
studying the effect of atropine and its derivatives on the gastric 
secretion of ulcer patients, concluded that there was no effect on the 
height of the titratable acidity but that the volume of secretion was 
diminished in comparison with the control. To obtain this effect, they 
found it necessary to administer doses of artopine large enough to 
produce untoward side reactions. 

Lockwood and Chamberlin (1922) found that maximal chemical 
dosages of atropine depressed both the free and total gastric acidity 
about 30 per cent. Bolton (1923) and Roberts (1925) confirmed this 
observation; all believed that the attendant relaxation of the pyloric 
sphincter associated with the regurgitation of the alkaline intestinal 
fluid, as indicated by the earlier appearance of bile in the samples and 
by the sudden or gradual rise of the inorganic chloride curve, allowed 
neutralization to occur earlier or more frequently. 
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Kalk and Siebert (1927), Polland (1930), and Klumpp and Bowie 
(1933) reported that the volume of secretion was reduced after atropine 
but that the free acid values were higher. Polland attributed the rise 
of titratable acidity to the relatively slight inhibitory effect of atropine 
upon the total output of acid with a consequent increase in the amount 
of acid per cubie centimeter of gastric content. 

Crohn (1918) was unable to produce any reduction in gastric acidity 
by the use of atropine. Winkelstein (1933) obtained equivocal results. 
Palmer (1933) and Bastedo (1936) observed that atropine diminished 
the volume and acidity of gastric secretion but only in quantities suffi- 
cient to produce other unpleasant physiologic effects. The effect on 
gastric secretion was short lived while the toxic manifestations persisted 
for longer periods. In doses permissible for continuous therapy, they 
found that belladonna and atropine were practically without effect on the 
secretory and motor functions of the stomach. Bastedo emphasized that 
frequently the reduction in the volume of secretion is associated with 
a much smaller proportionate reduction in the total acid secreted re- 
sulting in a more strongly acid solution than normal with consequent 
increased irritant action. Doses large enough to reduce acid secretion 
were also found to reduce the secretion of protective mucin. 

There are many others who have reported the reduction of gastric 
acidity by the administration of physiologic doses of atropine. Riegel 
(1899) found that atropine caused a decrease of free and total acid 
after a test meal of one liter of milk. Moore and Kilroe (1910) re- 
ported a reduction averaging 13.6° for free acid and 13.10° for total 
acid after the administration of belladonna by mouth. Mathieu and 
Roux (1914) considered atropine the most useful drug at their disposal 
for cases of hypersecretion. Schmidt (1914) believed that atropine 
diminished the secretion of the gastrie glands and advocated its use 
in hyperacidity. Bennett (1921) found consistent diminution in gastric 
acidity after the administration of therapeutic doses of oral atropine. 
Schuff (1900), Bergman (19138), Chiari (1915), Hernando (1923), 
Kilterman (1925), Roll (1926), and Loeper and Fau (1933) may be 
listed among the many others who agree that atropine is effective in 
reducing gastric acidity. 

The question as to why so many divergent results have been reported 
concerning the effect of atropine on gastric secretion has frequently 
been raised. Atshuler (1928) attempted to reconcile contradictory ob- 
servations on the basis that the action of the drug depends upon what 
phase of activity the cells are in when the stimulus reaches them. He 
believes that the same drug acting on the same cell might at one time 
result in stimulation and at another in inhibition. However, it is proba- 
ble that most of the inconsistencies are due to differences in atropine 
dosage and method of administration, different types of stimuli used 
to induce secretion (test meals, aleohol, histamine), duration of test 
period, time relationships relative to the administration of atropine, and 
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differences in eriteria used for determining inhibition of secretion. The 
reason for the difference in atropine action between man and dog 
is unknown. Klein postulates that one cause may be that more of the 
humoral stimuli act directly on the cell in man; in this case atropine 
would be relatively less effectual. 


METHOD 
Observations were made upon fifty University Hospital patients who 
presented no evidence of gastrointestinal disease other than chronie 
cholecystitis’ and recurrent appendicitis in the interval phase."? In 
addition, fifteen patients with active duodenal ulcers were studied. 


10-12 \2-2 2-4 4-6 HOURS 


NORMAL ULCER KEY 
HOUR | CONTROL|ATROPINE | CONTROL | ATROPINE ——— NORMAL - CONTROL 
10-12 | 71-3 | 184-7 | NORMAL -ATROPINE 
12-2 |48°5 | 46-8 | | 75-9 ULCER- CONTROL 
2-4 | 58-4 | 37-4 | 139-1 | ULCER -ATROPINE 
4-6 |55°7 | 35-8 | 104-8} 59 


Fig. 1.—Graph showing volumes of gastric juice secreted at night by fifty normal and 
fifteen ulcer patients (average values). 

The average age of the group selected as normal was 41.4 years, the 
youngest patient being 16 years, the eldest 75 years. Thirty were female, 
twenty male. In the ulcer group, thirteen were male, two female. The 
average age was 45.6 years with the youngest 29 years, the eldest 64 
years. 

The method of study of the patients in each group was identical. Each 
patient was studied on two successive nights, the first night serving 


tite 
4 
170 
160 
150 
140 | 
120 
| 
ho 
100 
90 
. 
80 *. 
70 
40 
10 
> 


220 SURGERY 


as a control and atropine being given on the second. The usual hospital 
meals were served on each of the days preceding the test, the five 
o’clock dinner consisting of soup, meat, potato, vegetable, and dessert. 
Duodenal tubes were inserted through the nose into the stomach at 
seven o’clock, no lubricant being used and suction siphonage instituted 
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NORMAL ULCER 
| HOUR CONTROL] ATROPINE | CONTROL. | ATRODINE NORMAL CONTROL 
10-12 | 19-2 13-7 42-8 | 30:9 NORMAL ATROPINE 
12-2 | 22:4 40°2 | 32-4 ULCER CONTROL 
2-4 19+3 13°6 40-9 20°8 ULCER ATROPINE 
4-6] 16-5 {2-1 35°4 10°8 


Fig. 2.—Graph showing free acidity of gastric juice secreted at night by fifty normal 
and fifteen ulcer patients (average values). 
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NORMAL ULCER KEY 
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10-12 40-7 353 59:7 49-6 NORMAL ATROPINE 
12-2 46°4 3671 $31 ULCER CONTROL 
2-4 42-6 384 554 49:2 ULCER ATROPINE 
4-6 38 49°8 43-2 


Fig. 3.—Graph of total acidity of gastric juice secreted at night by fifty normal and 
fifteen ulcer patients (average values). 
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directly. At nine o’clock, 2 gr. sodium luminal were given hypo- 
dermically ; this was repeated in five hours if the patient was still awake. 
No fluids were allowed after nine o’clock. No attempt was made to 
aspirate the salivary secretion. 

At ten o’clock the returns from the suction were discarded, following 
which collection was made of the gastric secretion at intervals of two 
hours during the night. On the second night, the procedure was identical 
except for the administration of 44; gr. atropine sulfate dissolved in 
120 ¢.c. of tap water by proctoclysis at 10 p.m., 1 A.m., and 4 A.M., 
using a continuous drip adjusted to a rate of four drops a minute. 

The volumes of each of the two hourly returns were measured and 


the free and total acidity determined using. Toepfer’s solution and 
phenolphthalein as indicators. No accurate notations were made re- 
garding the presence of food particles, bile, blood, ete. in the samples. 


RESULTS 
The results are graphically recorded in Figs. 1, 2 and 3. The normal 
group presented a mean secretory rate of 29.3 ¢.c. per hour in contrast 
to the average of 68 ¢.c. per hour in the control ulcer series. With the 
use of atropine there was a mean decrease in the volume of secretion, 
free and total acidity as shown in Table I. 


TABLE I 


NORMAL GROUP 
(22.6% ) 60 
(34%) 16° 
(12.4%) 6° 


ULCER GROUP 

(44.2% ) 
(40.4% ) 
(11.1%) 


Volume 
Free acid 


Total acid 


TABLE II 


EFFECT OF ATROPINE ON THE NIGHTLY SECRETION OF GASTRIC JUICE STUDY OF 
50 NORMAL AND 15 ULCER PATIENTS 


NORMAL 50 CASES 


ULCER 15 CASES 


VOLUME 


FREE 
ACID 


TOTAL 
ACID 


VOLUME 


FREE 
ACID 


TOTAL 
ACID 


12 


Significant decrease 


5 


24 20 


10 8 


(>20%) 
No change (+20%) 14 15 1 3 
Significant increase 12 15 2 2 


(>20%) 


Table II represents an evaluation of the effect of atropine upon each 
individual studied. The net change for the period of 10 p.m. to 6 A.M., 
following the administration of atropine, in volume, free and total acidity 
of gastric juice secreted was calculated for each patient; a significant 
increase or decrease was considered as a variation from the control 
of more than 20 per cent. 

Of the twenty-four cases in the normal series showing a significant 
decrease in the amount of free acid after atropine administration, 
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eighteen had no free acid in two or more of the two-hour periods and 
nine had no free acid in all four of the two-hour periods. Five patients 
in the ulcer group were achlorhydric in all specimens after the ad- 
ministration of atropine. 

The only untoward side action to atropine noted was a dryness of the 
mucous membranes of the nose and throat of which the majority of the 
patients complained. Tachyeardia exceeding 100 was present on only 
five occasions. No patient exhibited cerebral symptoms from the ad- 
ministration of the drug. 

SUMMARY 


1. The nightly gastric secretion of fifty normal and fifteen ulcer 
patients was studied on each of two successive nights, the first night 
serving as a control, with atropine being given by proctoclysis the 
second night. 

2. In the control period, mean values indicate that the secretory rate, 
volume of secretion, free and total acidity are higher for the ulcer group. 
Atropine diminished the volume of secretion as well as the free and 
total acidity in both the normal and ulcer series. The decrease in these 
values was more pronounced in the uleer group. 
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ENDOMETRIOSIS: CLINICAL AND THERAPEUTIC 
CONSIDERATIONS 


A Report or 120 Private Cases 


R. L. Sanpers, M.D., Mempuis, TENN. 


— ETRIOSIS, after more than twenty years of fairly intensive 
investigation, still holds the unabated interest of physicians and 
surgeons, for several reasons. Its etiology remains largely a matter 
of speculation, its pathologic and clinical manifestations continue to 
defy recognition, and the proper methods of its treatment are still 
disputed. Further, the condition is far more prevalent than the pro- 
fession in general yet realizes. Chiefly responsible for this fact, no 
doubt, is its common association with adenomyosis and other pelvic 
diseases; the surgeon is easily deceived into attributing the patient’s 
symptoms to one or more of these disorders and overlooking entirely 
the possibility of endometriosis. 

Believing that a fuller appreciation of the true incidence of en- 
dometriosis can be gained, and that some of the problems involved 
can best be clarified by reports of individual experiences and studies 
of selected cases, I will discuss the clinical and therapeutic features 
of the condition as I and others have observed them, and will follow 
this with a critical review of my own cases treated within recent 
years. 

Opinion regarding the mode of origin of endometriosis is divided 
chiefly between two theories: one, that of Sampson,°® that the masses 
develop from bits of miillerian mucosa deposited on the peritoneum 
by retrograde menstrual flow; that they either remain. superficial or 
invade and contract the underlying structure; and that, after invading 
the ovary, they enlarge and give rise to a cyst, which ruptures and in 
turn disperses other implants over the pelvie structures. According 
to the second theory, suggested by Ivanoff,’ the process develops by 
metaplasia of celomic epithelium. Still another possibility was ad- 
vaneed by Cullen’: that the endometrial tumors grow from embryonic 
rests of miillerian tissue. In any event, it is generall; believed that 
the basic factor is a glandular imbalance which results in overactivity 
of the hormones, and, further, that this influence often continues in the 
ectopic endometrium, causing it to enlarge and recede with each men- 
strual period. 

Just when this hormonal activity begins to incite the pathologic 
process is likewise a matter of conjecture. Some authors believe it be- 
gins with the onset of menstruation, or soon thereafter, and progresses 
slowly over a period of years. This may be true of cases in which the 
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uterus is not involved; it is questionable, however, whether it applies to 
those wherein benign uterine disease is associated, although the latter 
also is believed to be activated by glandular hyperfunction. It has been 
our observation, and that of others as well, that adenomyosis usually de- 
velops in older women. 

The reason for the later appearance of tumors of the uterus may lie 
in the structure of the organ, which may possibly prevent their early 
manifestation. Yet, this does not fully explain the difference. Drey- 
fuss,® among others, has suggested that multiparity may be one factor 
in uterine tumors, the sterility index being lower than normal in the 
lower age group. Meigs’ is of the opinion that the appearance of en- 
dometriosis, on the other hand, may be favorably influenced by late 
marriage and contraception, in that hormone function is unrelieved 
by the physiologic rest afforded by pregnancy. Could the difference 
be one of origin? The theory of metaplasia of celomie epithelium might 
best apply to endometriosis without uterine disease, especially since 
patients so affected fall in the younger age groups. 

This thought leads to a consideration of the role of sterility in en- 
dometriosis. Since both sterility and endometriosis are evidence of 
glandular imbalanee, it is conceivable that they are coincident features 
of the same disturbance rather than, as some authors believe, that 
sterility is an active agent in the disease process. This would seem to be 
true whether the endometriosis develops in a nullipara, the sterility in 
this case being primary, or whether symptoms present themselves fol- 
lowing one or more pregnancies, the sterility then being secondary. 

The frequent association of retroversion with endometriosis has 
given rise to the opinion that this condition may also be a contributing 
influence. I am convinced, however, that, with few exceptions, the 
retroversion in these cases is caused by puckering and consequent 
shortening of the uterosacral ligaments by the implants, or by fixation 
of the uterus to the sigmoid by adhesions incident to implants between 
these two structures. 

Pathology.—In the majority of cases, external endometriosis involves 
one or both ovaries, and the pelvie peritoneum as well. In the ovary, 
it is usually present in the familiar chocolate cyst, though fragments 
of endometrial tissue are occasionally found in hemorrhagic and other 
types of ovarian cysts. Outside the ovary, the implants may be wide- 
spread over the pelvic floor and on the pelvie wall, or may be scattered 
at only a few points. The most common site is the posterior wall of 
the uterus, the uterosacral ligaments and the sigmoid also being in- 
volved. Generally, in such cases, the uterus is drawn backward and is 
attached to the sigmoid, and the whole constitutes a fixed mass. Often, 
extensive deposits are distributed along the sigmoid or rectum. Other 
common locations are the bladder fold of the peritoneum and anterior 
wall of the uterus and cervix, rectovaginal septum, and broad ligament. 
Rarely, endometrial tissue is found in the inguinal region, in the 
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perineum, on the small bowel, appendix, and abdominal wall, and in 
the omentum, umbilicus, lungs, and laparotomy sears. 

Whether deposited primarily through the tubes or secondarily from 
perforated cysts, as Sampson believes, or whatever their origin, the 
implants tend to incite an inflammatory reaction and adhesions in the 
adjacent structures; thus, at operation, one may observe an acute, 
widespread peritonitis, all the pelvic organs being bound together in 
an almost impenetrable mass of adhesions. This process, incidentally, 
explains many inflammatory conditions of the pelvis for which formerly 
no cause could be assigned. 

Symptoms.—The cardinal features of peritoneal endometriosis are 
menstrual irregularity and pelvic pain. The menstrual disorder is 
usually a menorrhagia or metrorrhagia, though some patients have 
only a spotting between periods, or even amenorrhea. The pelvic pain 
may be general, or localized to one side or another, or it may be referred 
to the back or down the thighs. Referred pain is especially significant, 
indicating, usually, a penetrating lesion or one which has incited an 
inflammatory reaction. Again, the pain may be severe, or may be de- 
scribed as a drawing sensation, or merely a soreness, tenderness, or 
discomfort in the pelvis. The intensity of the pain is believed to be 
governed by the function of the implants under hormonal influence. 
The more severe pain may be acute in onset, resembling that of acute 
appendicitis or an acute intestinal obstruction. The milder types are 
usually chronic, covering a period of months or years. 

Not all patients, however, have either menstrual disturbance or pain. 
Rather, many of them complain of symptoms referable to the gastroin- 
testinal or urinary tract, a vaginal discharge, nervousness, loss of ap- 
petite and weight, headache, and dyspareunia. A few come to the physi- 
cian solely because of an abdominal mass. Others seek examination be- 
cause of sterility. When such conditions are accompanied by abnormal 
menstruation and low abdominal pain, they afford additional evidence 
of endometriosis; alone, however, they may present a confusing and 
entirely misleading picture which cannot be clarified except by a 
thorough pelvic examination and more often than not, not even then. 
Especially is this true of younger women in whom the process is not 
well advanced. 

Diagnosis—The most reliable diagnostic measure is rectovaginal ex- 
amination. By this means, fixed, painful, nodular masses in the utero- 
sacral ligaments, in the cul-de-sac, or on the rectovaginal shelf may be 
readily detected, and when present, may be regarded, practically with- 
out doubt, as endometriomas. Similarly, retroversion and uterine tumors 
and ovarian cysts may also be palpated. If adhesions are extensive, 
however, the different organs may be indistinguishable, and individual 
areas of endometriosis impossible of delineation. 

Especially significant in the diagnosis is the fact that symptoms are 
exaggerated during menstruation. Not infrequently, this feature is the 
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only clue to the nature of the disease. Indeed, the patient may have 
no difficulty whatever except at the menstrual period. An illustration 
of this fact is found in tumors of the broad ligament or abdominal 
wall, which manifest themselves solely by local tenderness and swell- 
ing at menstruation. 

Primary invasion of the sigmoid or rectum probably presents the 
most serious of the diagnostic problems associated with endometriosis. 
Although deposits are frequently found in these areas as a part of a 
general pelvie distribution, they seldom involve the colon wall to such 
an extent as to give rise to symptoms, and a primary endometrioma 
is even more rare. 

Signs of obstruction, the palpation of a mass posterior to the uterus, 
and the proctoseopie finding of a puckered area in the lumen of the 
bowel without an appreciable reaction in the surrounding tissues are 
fairly definite proof of the endometrial nature of the growth. The 
roentgenographie demonstration of a lesion is useful, but cannot be 
relied upon for a differential diagnosis. 

Occasionally, however, without any definite warning, one is con- 
fronted at operation with a growth in the sigmoid or reetum which 
simulates cancer and is entirely unaccompanied by other areas of en- 
dometriosis. Unless one is familiar with the clinica! characteristics 
of such lesions, the patient is likely to be subjected to a colon resection 
on the diagnosis of malignancy. A ease is reported herein, in which 
this was done, several years ago. The most significant point in the 
diagnosis is the fact that endometriomas of the colon, as of other 
regions, are manifested by the usual menstrual symptoms. 

Treatment.—The treatment of endometriosis is, in my opinion, en- 
tirely surgical. If the implants are extensive, involving both ovaries, 
all the pelvie organs should be extirpated. When only one ovary is 
affected, however, and all the peritoneal implants are removable, the 
good ovary may be left undisturbed. In young patients who complain 
of dysmenorrhea, a presacral resection may be performed in conjune- 
tion with a conservative operation, to prevent recurrence of the pain in 
the event of persistent endometriosis. The principal question in any 
case is not the patient’s age, but the relief of symptoms and prevention 
of further damage and perhaps serious consequences, by interruption 
of the disease. If this can be accomplished without completely destroying 
ovarian function, well atid good; if not, the radical operation should 
be carried out. The only exceptions are encountered in those patients 
at or near the menopause, whose symptoms are mild and in whom the 
disease may be expected to subside with the cessation of menstruation. 
In all other eases, the process is likely to cause trouble so long as 
ovarian function continues. 

When the sigmoid or rectum is invaded, it may be advisable to reseet 
the growth by an elliptical incision, in addition to oophorectomy. Par- 
tial resection of the colon is unnecessary; according to our experience, 
the growth will regress following removal of the ovaries. 
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The greatest difficulty in making a decision as to the best course 
to pursue is encountered when these patients present themselves for 
examination because of sterility. The slight possibility of subsequent 
pregnancy, despite preservation of the reproductive function, hardly 
compensates for the dangers of erring on the side of conservatism. 
Thirty-one per cent of a group of patients reported by Dreyfuss® were 
sterile, and Counseller' found an absolute sterility of 32.1 per cent of 
patients at the Mayo Clinie. 

The use of radium or x-ray therapy in endometriosis seems hardly 
justifiable. In the first place, the risk to life is not a serious considera- 
tion in the choice of treatment, since the mortality from surgery is 
negligible. In the second place, there is almost invariably some as- 
sociated disease which irradiation cannot relieve, and, in this event, 
radium is likely to give rise to infection and pelvie abscess. Or, if a 
sufficient amount of irradiation is given to destroy ovarian function, 
the uterus will be materially damaged. Further, the climacteric, with 
all its unpleasant manifestations, follows irradiation just as surely as 
it follows extirpation of the ovaries, yet all the diseased structures 
remain in the pelvis. Certainly, irradiation should never be given 
until the abdomen is opened, and then not until the presence of en- 
dometriosis is definitely proved by thorough exploration. An exact 
diagnosis is impossible without laparotomy. 

I have collected a series of 120 eases of pelvic endometriosis dis- 
covered at operation within the past six years. These have been taken 
from our private clinic records and are therefore believed to give a 
fairly accurate picture of the incidence of the disease among surgical 
patients. The study does not include those with hemorrhagic or other 
types of ovarian cysts than the chocolate endometrial variety. Nor does 
it include adenomyosis unless associated with endometriosis, since a 
pathologie study was made of relatively few uterine specimens removed 
during this period. Moreover, in view of the more serious surgical con- 
siderations involved, our interest has been primarily in endometriosis. 

The 120 cases of this series were encountered in a total of approx- 
imately 700 laparotomies for gynecologic diseases carried out during 
the same period, representing an incidence of 17 per cent. One hundred 
and four of the patients were married. The ages ranged from 17 to 53 
years, the average being 38 years. Two were under 20 years; 19 between 
20 and 30; 45 between 30 and 40; 49 between 40 and 50; and 5 beyond 
50. Of the entire group, chocolate endometrial cysts of the ovaries were 
found in 83 (69 per cent) patients, and cysts of questionable en- 
dometrial origin and of other types were found in an additional 14. 
The endometrial process involved the peritoneum and other extra- 
ovarian structures in 106 (89 per cent). The distribution of the lesions 
and associated pathology is shown here. 


Ovarian endometriosis, 83 (bilateral, 50; unilateral, 33) 
Peritoneal endometriosis, 106 
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Abdominal endometriosis, 5 (omentum, 3; cecum 1; appendix, 1; ab- 
dominal wall, 1) 

Associated benign disease of uterus and cervix, 84 

Associated cancer of uterus, 1 

Associated cysts of ovaries other than endometrial, 14 

Associated hydrosalpinx, 5 

Displacements of uterus, 41 (retroversion, 39; prolapse, 2 

Sterility, 24 (23 per cent of 104 married patients) 


As shown above, the endometrial cysts of the ovary were bilateral 
in 50 cases and unilateral in 33. In 12, the endometriosis was confined 
to the ovaries alone, whereas in 23 it was limited to the peritoneum and 
other extraovarian structures. Peritoneal implants and eysts of the 
ovaries, endometrial and otherwise, were found together in 81 eases. 
Benign disease of the uterus and cervix was associated in 83 eases, and 
cancer of the uterus in 1, the 84 cases representing 70 per cent of the 
total. Other surgeons have reported a similar incidence of uterine 
and cervical disease. 

The relative incidence of endometriosis and disease of the uterus and 
cervix in the different age groups is shown in Table I. 


TABLE I 


INCIDENCE OF ENDOMETRIOSIS AND DISEASE OF UTERUS IN 120 PATIENTS IN 
DIFFERENT AGE GROUPS 


UP TO 20 20 To 30 30 To 40 40 To 50 |50 AND OVER 
NUM-| PER | NUM-| PER | NUM-| PER | NUM- ) NUM-| PER 
BER | CENT | BER | CENT | BER | CENT | BER | CENT | BER | CENT 
Endometriosis 2 6 12 33 17 47 5 0 
alone (36 pa- 
tients ) 
Endometriosis 28 3: 44 
and uterine 
disease (84 pa- 
tients ) 

Total 19 | | 45 


| 49 | 


The average age of those with external endometriosis alone was 31.5 
years, and of the second group, 41 years. This finding conforms to that 
of other surgeons, that uterine disease develops later than endometriosis. 

Five patients had previously had one ovary and tube removed, 23 
had had an operation on the cervix or vagina or a curettage, 3 a short- 
ening of the ligaments, and one a presacral neurectomy for dysmenor- 
rhea. 

The series was also reviewed with the idea of determining whether 
any relationship might exist between the ages of the patients and the 
extent and severity of the disease. The endometrial process was re- 
garded as mild in 41 cases and severe in 79. The number and ages of 
the patients with each type are shown in Table II. 

Contrary to the experience of some authors, we did not find more 
severe or more extensive endometriosis in the younger patients. Ap- 
proximately 80 per cent of those with the severe type, and 75 per cent 
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TABLE II 


INCIDENCE OF MILD AND SEVERE ENDOMETRIOSIS IN 120 PATIENTS IN DIFFERENT 
AGE GROUPS 


MILD ENDOMETRIOSIS SEVERE ENDOMETRIOSIS 
PATIENTS PATIENTS 
NUMBER PER CENT NUMBER PER CENT 


Up to 30 8 20 13 16.5 
30 to 40 14 34 31 39 
40 to 50 17 41 32 40.5 
50 and over 2 5 Z 4 


Total 41 79 


AGE GROUP 
(YEARS) 


with the mild type were between 30 and 50 years of age. Twenty per 
cent of those with a mild endometriosis and 16.5 per cent with the 
severe degree were under 30 years of age. 

The uterus was retroverted in 39 patients and prolapsed in 2. Of the 
total of 41, uterine disease was associated with the endometriosis in 
20 cases, and in 21 endometriosis was present alone. As shown in Table 
I, 36 patients of the entire series had endometriosis without disease of 
the uterus; the incidence of 21 retroversions in the group of 36 there- 
fore represents 58.3 per cent. The 20 patients with retroversion and 
both endometriosis and uterine disease constituted 24 per cent of the 
total number of 84 patients in whom the combined conditions were 
found. Thus, comparatively, retroversion was present with endometriosis 
alone in more than twice as many cases as retroversion with both en- 
dometriosis and disease of the uterus and cervix. Of the group of 21, 
there were 15 under 35 years of age, whereas in the group of 20, only 
2 were under that age. 

Twenty-eight of the 104 patients who were married had never borne 
children; 4 of this number, however, reported having one or more 
miscarriages. Nine of the 28 had retroversion, the uterus being bound 
in malposition by adhesions in every case. The only 4 of the 28 who 
might possibly have borne children, having one good ovary and an 
otherwise normal uterus, were among those with retroversion. 

The symptoms as described by the total number of 120 patients were 
classified as follows: 


Dysmenorrhea, backache, referred pain, 45 

Pelvic pain and discomfort, 41 

Menstrual disorders, 59 (Menorrhagia, 53; irregularity, 2; menopause, 
4) 

Miscellaneous, 61 (Gastrointestinal disturbance, cystitis, headache, 
nervousness, vaginal discharge, abdominal mass, dyspareunia) 

Indefinite or no symptoms, 3 


Counseller? has observed that menorrhagia usually is associated with 
chocolate cysts, and dysmenorrhea and referred pain with uterine and 
peritoneal endometriosis. We were unable to establish a connection 
between menorrhagia and dysmenorrhea or referred pain, respectively, 
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and the pathologic condition as it involved the ovaries, uterus, and 
peritoneum. Forty of the 55 patients with menorrhagia and irregular 
menstruation had some disease of the uterus, and 42 had peritoneal 
endometriosis. Three had peritoneal endometriosis alone, neither the 
uterus nor ovaries being affected. In only one patient with menorrhagia 
was the endometriosis limited to the ovaries; on the other hand, 14 who 
complained of menorrhagia had neither chocolate cysts nor any other 
disease of the ovaries. 

Of the 45 patients with dysmenorrhea, 34 had cysts of the ovaries, 
28 had some disease of the uterus, and the peritoneal and other struc- 
tures were involved in the endometrial process in 41. Eleven patients 
with dysmenorrhea also had retroversion, and 10 of this number had 
pelvic endometriosis. 

Forty-one patients described a low abdominal pain, pelvie discomfort, 
or pressure sensation which was apparently unrelated to menstruation. 
Thirty gave a history of gastrointestinal symptoms, 3 of this number 
having no other complaint. The sigmoid was involved in 10 of the 30, 
but could not be held entirely responsible for the symptoms because 
of associated disease of the appendix. Symptoms referable to the blad- 
der were reported by 9 patients, 13 complained of a vaginal discharge, 
11 of headaches, 3 of dyspareunia, and 11 were aware of a pelvie mass. 


TABLE III 


DURATION OF SYMPTOMS IN 120 ENDOMETRIOSIS PATIENTS IN DIFFERENT AGE GROUPS 


3 OR MORE NO 
iE GROU J rR. 2 YRS. INKNOWN 
AGE GROUP (YR.) UP TO1 YI 2 YRS YRS. symptoms UNKNOWN 
Up to 30 é + 3 0 
30 to 40 5 16 ] 
40 to 50 : 15 9 2 


50 and over 2 2 0 


Total 26 30 3 


In Table III is shown the duration of symptoms as reported by the 
patients in each age group. 

The duration of symptoms was recorded in 116 cases. Three patients 
had no symptoms. Of the 116, 83 (70 per cent) had had symptoms 
less than three years, 17 (20 per cent) of the 83 being under 30 years 
of age, 26 (31 per cent) between 30 and 40, 37 (45 per cent) between 
40 and 50, and 3 (4 per cent) beyond 50. It is noteworthy that some of 
the younger patients had suffered for years, whereas some of the older 
ones had had symptoms for only a few days or few weeks. 


A study of the duration of symptoms in the mild and severe types, 
respectively, revealed nothing important. As would be expected, in the 
majority of cases, the symptoms were of longer duration in the severe 
type. Some of the milder cases, however, including those wherein no 
endometrial deposits were found outside the ovary had produced symp- 
toms over a long period of time, while a number wherein the deposits 
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were widespread were first manifested by an acute attack of a few 
hours’ to a few days’ duration. 

A preoperative diagnosis of endometriosis was made in 29 (24 per 
cent) of the cases. The operations performed were as follows: Bilateral 
salpingo-oophorectomy, 97 (in 4, a portion of the ovary was trans- 
planted); unilateral salpingo-oophorectomy, 20 (including 5 patients 
who previously had a_ salpingo-oophorectomy); hysterectomy, 109; 
shortening of ligaments, 6; presacral nerve resection, 1. Ovarian fune- 
tion could be preserved in 9 of the 11 whose uterus was undisturbed. 


Fig. 1A.—Inguinal endometrioma of round ligament, 2 by 3 inches, with sinus through 
which patient menstruated each month. 


I have never had a patient die from operation for endometriosis. 
Four of the present group have not been heard from since leaving the 
hospital. Of the other 116, 112 were completely relieved by the opera- 
tion, 3 were only partially relieved, and 1 has had a recurrence of the 
dysmenorrhea from which she suffered prior to operation. One of the 
patients who was only partially relieved was a girl, aged 19 years, for 
whom a presacral neurectomy was performed, the pelvie organs being 
undisturbed because of her age and the mild degree of endometriosis. 
Another was a young unmarried woman, aged 28 years, who had a 
subtotal hysterectomy and unilateral salpingo-oophorectomy. The third 
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was a married woman, aged 31 years, who had a total hysterectomy 
and unilateral salpingo-oophorectomy. The patient whose symptoms 
have returned was a young lady, aged 25 years, who had only a mild 
peritoneal endometriosis without disease of the ovaries or uterus; surgery 
was limited to shortening of the ligaments. These four cases represent 
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Fig. 1B.—Specimen open, showing interior. 


22 per cent of the 19 patients whose ovarian function was not completely 
destroyed. Since the 4 patients from whom we have not heard had 
bilateral oophorectomies, this is probably a fairly accurate estimate 
of the results in the entire group. At the last report, none of the pa- 
tients who had the more conservative operations had borne children. 


TABLE IV 


RESULTS OF OPERATION IN 120 CASES OF ENDOMETRIOSIS 


NUMBER 
PER CENT 


Mortality 

Complete relief 9: 
Partial relief g 2 
No relief 0 
No report 3 
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A large number of these patients have received theelin for control 
of menopausal symptoms. We were at first uncertain as to the effect 
of the drug and feared that it might possibly promote a recurrence 
or continuance of the endometrial process. Accordingly, we have ex- 
amined a number of patients with this in mind. We have found no 
evidence that theelin reactivates-the disease, nor does it appear to have 
any influence on the recession of growths left in the pelvis. We be- 
lieve, therefore, that theelin should be given as a replacement therapy 
to make these patients comfortable. 


Fig. 1C.—Microscopic section of specimen, showing endometrial glands. 


Four of the most unusual cases of this series are reported in detail. 
The first is that of a patient who had an endometrioma of the round 
ligament, from which menstrual blood passed through a small sinus 
opening into the groin. 


CASE 1.-—Mrs. J. R. 8., a multipara, aged 41 years, came for examination because 
of a hernia which had been present for twelve years. Four months prior to her 
visit, she began passing blood and purulent material through the hernial mass at 
menstruation. This phenomenon was associated with severe pain, both local and 
referred down the thigh, but never with a rise of temperature. 
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On examination, a hard, nodular, inflammatory mass with a sinus opening was 
found in the groin and extending into the labium. The tissues over the mass were 
darker than normal. The cervix was in good condition, and the uterus was of 
normal size and movable, but retroverted. No mass could be found in the pelvis. 
The tentative diagnosis was endometriosis, with possibly incarceration of the tube 


in the hernial sac. 


> 


At operation, a firm tumor, approximately 2 by 3 inches in diameter, was dis- 
covered in the region of the groin and labium over the inguinal canal. From the 
outer side of the tumor, passing into the groin, was a sinus through which the 
patient had been menstruating. The mass was fastened deep in the fascia, making 
its liberation difficult. When freed from the labium and groin tissues, a hernial sac 
was discovered leading out from the inguinal ring. None of the intestine or omen- 
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Fig. 2.—Two distinct endometriomas of the sigmoid of which the larger, distal 
lesion produced considerable obstruction. The intervening 2 inches of colon was en- 
tirely normal. The sigmoid was resected on clinical diagnosis of carcinoma; micro- 
scopic sections proved the lesions to be endometriomas. Mikulicz operation done and 
recovery followed. 


tum was contained in the sac. The round ligament, which came out beneath the 


sac, was quite large and the tumor was attached to its extreme end over the pubic 


region. 


The involved portion of the ligament was removed with the tumor, the remaining 
portion being fixed to the fascia to support the uterus. The hernial sae which had 
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led into the tumor was divided, transfixed and ligated, and the stump was Kocher- 
ized. Finger exploration of the pelvis through the opening revealed no indication 
of any other disease process. The hernia was repaired and the abdomen closed. 
The pathologie diagnosis of the tumor mass was inguinal endometrioma involving 
the round ligament. 

The patient has had no further difficulty since her dismissal from the hospital, 


four years ago. 


The patient in the following case had two endometriomas of the 
sigmoid, but no other evidence of the disease. The sigmoid was resected 
in the belief that the condition was malignant. This operation was 
performed ten years ago. 


Case 2.—Mrs. J. L. L., nullipara, was first seen in March, 1931, at the age of 
39 years. She complained of intestinal disturbance, and stated that at each men- 
strual period her symptoms became more severe and were accompanied by the 
passage of blood and mucus from the bowel. All the details of the examination at 
that time are not now available; our record, however, shows that a mass was palpated 
in the cul-de-sac. Since I had not previously encountered a case of endometrioma 
of the sigmoid, the exploration was carried out under a diagnosis of cancer or 
diverticulitis. 

When the abdomen was opened, a firm, nodular, contracting lesion was discovered 
in the mid-portion of the sigmoid, and a second, similar lesion one inch distally. 
In view of the finding of two distinct masses, it was believed that they were diver- 
ticula and were undergoing malignant change. There was no evidence of metastases 
in the glands or other organs. The uterus, tubes, and ovaries were practically normal 
and were not disturbed. 

A three-stage resection was done. At the second stage, when the sigmoid was 
removed, a search was made for endometrial implants in the rectovaginal septum 
and elsewhere in the pelvis, though none were found. On microscopic section of the 
growths, a diagnosis of adenomyomas of the endometrial implant type was reported. 
The mucosa was not involved. 

The patient was next seen in May, 1936, when she returned for a general check- 
up. She had had no menstrual pain nor any digestive symptoms since the operation, 
five years earlier. The function of the colon had remained good, and she felt en- 
tirely well. No further masses could be detected in the pelvis. 

Eighteen months later, in October, 1937, she consulted us again because of 
fatigue and pelvic discomfort. She was then 46 years old and was menstruating 
only at intervals of six months. Pelvic examination disclosed a tender, firm area 
in the cul-de-sac, which was regarded as an endometrioma. The uterus was of normal 
size. Since the patient was passing through the menopause, surgery was considered 
unnecessary. 

At her last examination, in December, 1940, the patient’s symptoms had sub- 
sided and menstruation had entirely ceased. The mass could still be palpated in the 
cul-de-sac, though it had diminished in size since the preceding examination. 


The following case is also one of endometriosis of the sigmoid without 
involvment of other structures. Profiting by my experience in the 
previous case, I removed the ovaries and uterus, but left the sigmoid 
intact. 


CASE 3.—Mrs. W. D. M., multipara, aged 36 years, consulted us in July, 1940. 
She was referred for treatment of a recurrent Bartholin cyst which had first ap- 
peared nine years earlier. In addition to this complaint, she gave a history of in- 
creasing dysmenorrhea, pelvic soreness, and metrorrhagia over a period of three 
years. 
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Aside from the pelvis, the examination revealed nothing abnormal. The uterus 
was of normal size, in good position, and movable. There was a large, tender 
Bartholin cyst, and the cervix was moderately lacerated, cystic, and eroded. In the 
cul-de-sac, a tender mass the size of an English walnut could be palpated, and in 
the left uterosacral ligament there was a thickened, tender area. The diagnosis was 
pelvic endometriosis. 

The cyst was incised and drained, and when healing was complete, operation for 
the pelvic condition was carried out. 

The cervix was coned and the cystic sac excised. When the abdomen was opened, 
the uterus, ovaries, and tubes were found to be normal. The large, tender area 
previously detected proved to be an indurated napkin-ring tumor of the sigmoid, 
with fixation to the uterosacral ligament and posterior uterocervical juncture. The 
entire circumference of the sigmoid was puckered into a fold and the growth pre- 
sented every appearance of cancer. A thorough search revealed no endometrial 
implants on any of the pelvic structures. A few inches higher on the sigmoid, 
however, there was another small puckered area. This was excised, and a diagnosis 
of endometrioma was reported on frozen section. It was then believed that the 
larger tumor was also an endometrioma. Accordingly, the uterus, tubes, and ovaries 
were removed, the sigmoid dropped back into its normal position, and the abdomen 
closed. Recovery followed without incident. 

On request, the patient returned six weeks postoperatively for a check-up and 
roentgenographic examination of the colon. The pelvis was in good condition and 
she had no complaint other than the usual menopausal symptoms. The bowel fune- 
tion was normal. Proctoscopic examination was negative. A roentgenogram re- 
vealed some spasticity of the sigmoid, but no evidence of an encircling lesion. 

When last heard from, in January, 1941, five months after operation, the patient 
stated that she was still taking theelin, but otherwise felt like a new person. 


The last case is one of multiple endometrioma of the omentum asso- 
ciated with red degeneration of the uterus. I had never before or 
have never since observed a combination of these two conditions. 


Case 4.—Mrs. J. H. H., aged 46 years, nullipara, came for examination in Jan- 
uary, 1938, because of pain in the lower abdomen and down the thighs. The pain 
had begun one week earlier, had been sufficiently severe to keep her in bed, and had 
been accompanied by a rise of temperature. She had also lost several pounds in 
weight since the onset of the pain. Until two months previously, her menstrual 
periods had always been regular; since that time, she had menstruated more often 
and more freely than usual. 

Palpation of the abdomen revealed a large pelvic mass, irregular in outline, and 
extending almost to the umbilicus. On pelvic examination, the mass was found to 
be firm and partially fixed. The cervix was normal. The preoperative diagnosis 
was fibroid tumor. 

Exploration revealed two large fibroids posteriorly and several smaller tumors 
on the anterior wall of the uterus. There was a considerable amount of red dis- 
coloration of the serous covering of the uterus, and the surrounding tissues were 
waterlogged and inflammatory. When the uterus was removed and opened, an 
area of red degeneration approximately 4 inches in diameter was found in the 
center of the largest fibroid. This accounted for the edema and inflammatory 
reaction of the tissues and explained the patient’s fever. Both ovaries contained 
simple cysts and were removed with the tubes, the latter being normal. 

There were no endometrial implants on the pelvic structures. In the omentum, 
however, which was thicker than normal, were two firm areas, not unlike metastasiz- 
ing carcinoma. Both were excised and were reported by the pathologist to be en- 
dometriomas. 

The patient’s postoperative course was smooth and she has since been entirely well. 
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The last two of the foregoing cases are striking examples of the mis- 
leading symptoms, and even lack of symptoms often presented by 
endometriosis, and the difficulty of making a diagnosis from clinical 
evidence. Admittedly, such cases are rare, yet they show that unless 
one is mindful of the possibilities and makes a thorough search of all 
the organs, an error in treatment or inadequate treatment is not un- 
likely. This is no less true when the disease process clearly involves 
the pelvie structures. 


microscopic section 


showing endometriosis 


Fig. 3.—Two endometrial tumors of the omentum. No others were found in the 
abdomen or pelvis. Insert shows microscopic picture of endometrial tissue found in 
one of the tumors. 


One needs merely to review the reported incidence of endometriosis 
as diagnosed in our hospitals, as compared to the incidence in private 
clinic practice, to appreciate the fact that it is recognized in only a 
small proportion of cases. Fallas and Rosenblum‘ report an incidence 
of 1.62 per cent in pelvic laparotomies in two private hospitals in Los 
Angeles. This figure is probably low for private hospitals. Perhaps 
the percentages found in two of the largest private institutions in 
Memphis are more typical. The records from which they were taken 
cover only a short period, nevertheless, they are sufficient to illustrate 
our point. 
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In the Methodist Hospital, during 1938, 1939, and five months of 
1940, a diagnosis of endometriosis was made in 38 of 1170 pelvie opera- 
tions, or 3.8 per cent. A complete report could be obtained from the 
Baptist Memorial Hospital only for the year 1939: endometriosis was 
recognized in 27, or 4.7 per cent of 576 cases in which the pelvie cavity 
was opened. Also of interest is the fact that at the John Gaston Hospital, 
which is a teaching institution devoted almost entirely to charity pa- 
tients, a diagnosis of endometriosis was made in 12 of a total of 929 
pelvic laparotomies performed during 1939 and 1940, representing an 
incidence of 1.8 per cent. In similar reviews, Long and Strecker® found 
a diagnosis of endometriosis in 0.96 per cent of pelvic laparotomies at 
the St. Anthony Hospital, a charity institution in Oklahoma City, and 
Pumphrey® encountered an incidence of 2.23 per cent in pelvic opera- 
tions at the Miami Valley Hospital, also a general hospital, in Dayton, 
Ohio. 

Compared with Meigs” reported incidence of 32.2 per cent of cases 
of endometriosis in abdominal gynecologic operations in private prac- 
tice, and even with my finding of endometriosis in 17 per cent of pelvic 
laparotomies, these figures speak for themselves. Certainly, they call 
in forceful terms for a better understanding and a wider recognition 
of this disease. 
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ELEVATION OF THE FIRST METATARSAL BONE WITH 
HALLUX EQUINUS 


GEORGE HamMonpD, M.D., ANN ArRBor, MICH. 
(From the Orthopaedic Section, Department of Surgery, University of Michigan 
Medical School) 

Pe INTERESTING deformity of the great toe and first metatarsal 

bone has been observed for a number of years at the University 
Hospital. There is no doubt that this condition has been recognized 
by many observers but specific reference to it is rare in the available 
literature. Lapidus has recently described this deformity and has 
presented his conception of the etiologic factors, which are further 
substantiated by this report, and an operative procedure for its cor- 
rection. 

The purpose of this communication is to offer an explanation of the 
productive mechanism and to present methods of prevention and cor- 
rection based upon forty-two examples of this deformity in thirty-eight 
patients. 

CLINICAL FEATURES 


In general, one might describe the deformity as a dorsal flexion 
deformity of the first metatarsal and a plantar flexion deformity of the 
great toe. It commonly results from a muscular imbalance of the foot. 

In the early stage the deformity is not fixed. Passively the first 
metatarsal assumes its normal position and the great toe can be dor- 
siflexed normally. Because the deformity is on the basis of muscular 
imbalance, the incipent stage is mainly apparent when the patient is 
weight-bearing and particularly when he is walking. If the inequality 
of the muscle pull is not marked the deformity may never advance 
beyond this stage. However, in many eases the causative factors are 
sufficient to produce a fixed deformity with the subsequent development 
of pain over the dorsal aspects of the first metatarsal head where a 
bunion may develop. Even in advanced cases the abnormality is always 
more marked with active use of the foot in weight-bearing. 

The Great Toe.—Usually the entire toe is in a position of flexion 
at the metatarsophalangeal joint. Less commonly the proximal phalanx 
has a flexed attitude but the distal phalanx is hyperextended. Hallux 
valgus may be associated. 

The First Metatarsal Bone.—In the weight-bearing position the head 
of the first metatarsal is seen to be displaced upward so that the 
longitudinal axis of the metatarsal shaft may be horizontal or even 
directed anteriorly and slightly upward. The first cuneiform bone 
may also be tilted upward. A small exostosis may form on the dorsal 
surface of the head of the metatarsal. 
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The First Metatarsophalangeal Joint. The metatarsophalangeal joint 
may present a subluxation if the flexed position of the phalanx is suffi- 
cient. If the deformity exists for some time, secondary degenerative 
changes may occur over the dorsal nonfunctioning portion of the ar- 
ticular surface of the metatarsal. 


Soft Tissue Changes.—lf the deformity becomes fixed the metatarso- 
phalangeal joint presents a true flexion deformity of varying degree 
with the metatarsal more or less fixed in a dorsal flexed position at 
the metatarsocuneiform joint or at the first cuneoseaphoid joint or 
both. Contractures of the capsules of these joints may occur. It is not 
uncommon to have a true shortening of the flexor hallucis brevis muscle. 
A eallosity often forms at the abnormal point of weight-bearing on the 
great toe and a callus and bursa may be present over the dorsal promi- 
nence of the metatarsal head. 


Various primary diseases are associated with this deformity. How- 
ever, the mechanisms of production of the deformity are, in the main, 
two in number. The first, and most frequent, is a muscular imbalance 
acting upon the first metatarsal causing this bone to assume a dorsi- 
flexed position. The plantar flexed attitude of the hallux is secondary. 
The second mechanism is a muscular imbalance causing a plantar flexed 
position of the great toe, with secondary upward displacement of the 
first metatarsal. 


GENERAL PRODUCTIVE MECHANISMS 


I. Primary Dorsiflexion Deformity of the First Metatarsal With Sec- 
ondary Plantar Flexion Deformity of Hallux, Thirty-Six Examples. 

The upward displacement of the first metatarsal is due to a strong 
dorsiflexor muscle in the presence of a weak or absent plantar flexor 
muscle of this bone. Normally, the anterior tibial muscle by virtue 
of its insertion, raises the first cuneiform and base of the first meta- 
tarsal bone and thus can be considered a dorsal flexor of these two 
bones. The peroneus longus muscle opposes this action by exerting 
a plantar flexing force upon the base of the first matatarsal. Upward 
displacement of the first metatarsal can be produced by a strong an- 
terior tibial muscle, or its substitute, in the presence of a weak or 
absent peroneus longus muscle. With the first metatarsal displaced 
upward the great toe is actively flexed to establish a point of weight- 
bearing for the medial portion of the forefoot and to augment the push- 
off in walking. Weakness of the dorsiflexor muscles of the hallux favor, 
but are not necessary for, the development of this position of the toe. 


Il. Primary Plantar Flexion Deformity of the Hallux With Secondary 
Dorsiflexion Deformity of the First Metatarsal, Six Examples. 
Primary plantar flexion deformity occurs in the foot which is par- 
alyzed except for an Achilles group of variable strength and strong 
flexors of the toes. The patient utilizes the flexor muscles of the toes 
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to help steady the foot upon the leg in weight-bearing and to supple- 
ment the push-off in walking. The great toe and its flexor muscles as- 
sume a large share of this added function and the hallux may be more 
or less constantly held in plantar flexion with active use of the foot. 
It is necessary for the head of the metatarsal to displace upward to 
accommodate for this weight-bearing position of the great toe. 

In all cases of plantar flexion deformity of the great toe in type 
I or II, a strong flexor hallucis brevis muscle was a factor in the produc- 
tion of this deformity. 


CLASSIFICATION OF CASES ACCORDING TO UNDERLYING DISEASE 


Specific Productive Mechanisms 


I. Anterior Poliomyelitis, Twenty-Seven Examples.—The primary dor- 
siflexion deformity of the first metatarsal may be the result of muscular 
imbalance due to the disease (2 examples) or muscular imbalance 
created by tendon transference (19 examples). Primary plantar flexion 
deformity of the hallux occurred only as a result of this disease in our 
series of cases (6 examples). 

A. Weak or completely paralyzed anterior tibial muscle, strong per- 
oneal muscles; transference of peroneus longus muscle alone or pero- 
neus longus and brevis muscles to the region of insertion of the an- 
terior tibial muscle, thirteen examples (Table I, Cases 1 to 13 inclusive) : 
Each case had a valgus deformity of the foot. Four patients exhibited 
a plantar flexion deformity of the first metatarsal bone before operation. 
The foot was stabilized by triple arthrodesis in all cases except two. The 
peroneus longus tendon was transferred generally by way of the anterior 
tibial tendon sheath to a new insertion in the base of the first metatarsal 
(10 cases), or to the first euneiform bone (3 cases). If the peroneus 
brevis tendon was also transferred it was inserted into the base of the 
second metatarsal (1 case) or into the first or second cuneiform bone 
(4 cases). From one to six years after the tendon transference, the 
primary dorsiflexion deformity of the first metatarsal became evident 
(Fig. 1). The secondary plantar flexion deformity of the hallux ap- 
peared concomitantly. The flexor hallucis brevis muscle was very 
strong in each case except one. Possibly because of this fact, this patient 
did not develop a plantar flexion deformity of the great toe which main- 
tained a normal relationship with the first metatarsal head, thus not 
touching the ground in the weight-bearing position (Table I, Case 2). 

In this group the primary cause of the deformity is the reversal of 
action of the peroneus longus muscle upon the first metatarsal brought 
about by the tendon transference. It is noteworthy that the four pa- 
tients with plantar flexion deformity of the first metatarsal preopera- 
tively developed a dorsiflexion deformity of this bone after operation. 
To establish a medial weight-bearing point for the forefoot, the flexor 
hallueis brevis muscle maintains the great toe in sufficient plantar 
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flexion and thus is a definite contributing factor. The transferred 
peroneus longus muscle maintained practically normal strength, which 
is, of course, a prerequisite to the development of the first metatarsal 
displacement. In exactly similar cases except for weakness of the 
peroneus longus tendon after transference, the deformity did not de- 
velop. The triple arthrodesis is apparently not a factor in the de- 
velopment of the deformity inasmuch as two patients did not have this 
operation and a third presented the deformity before stabilization was 
done. 

B. Gastrocnemius and soleus muscles completely paralyzed or very 
weak. Anterior tibial muscle normal strength, eight examples: 

(a) Peroneal muscles completely paralyzed, two examples (Table I, 
Cases 14 and 15).—Each case presented a caleaneocavovarus deformity. 
A triple arthrodesis was done in one and a triple arthrodesis plus 
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Fig. 1 (Table I, Case 5).—A, Lateral roentgenogram of foot 16 months after a 
Dunn triple arthrodesis and transference of peroneus longus and brevis into first 
cuneiform for paralytic pes valgus. The first metatarsal-great toe deformity is 
minimal. 

B, Lateral roentgenogram of foot showing well-developed elevation of first meta- 
tarsal with hallux equinus. 

C, Photograph of foot showing the deformity; note the skin irritation over the 
dorsal aspect of the first metatarsal head. 

D, Photograph of foot 6 months following operative correction of first metatarsal- 
great toe deformity. 


transference of the tibialis posticus, the flexor hallucis longus, and the 
flexor digitorum longus tendons to the caleaneus was carried out in the 
other (Fig. 2). 

The cause of the dorsiflexion deformity of the first metatarsal is the 
strong anterior tibial muscle unopposed by a functioning peroneus 
longus muscle. The strong flexor hallucis brevis muscle is a secondary 
factor. 
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TABLE 


EVALUATION OF MUSCLE POWER IN CASEs 


PATIENT 


FOOT DEFORMITY 
RESULTING FROM 
PARALYSIS 


P.TER. 


R. 8. 


Planovalgus 


D. D. 


Valgus 


L. W. 


Valgus 


C.B. | Valgus 


A.V. | Equinovalgus 


Valgus 


Valgus 


Equinovalgus 


Valgus 
Calcaneovalgus 


Valgus 


Valgus 


Equinovalgus 


Caleaneocavovarus 
Calcaneocavovarus 


o 


Calecaneocavus 


bo 


Calcaneocavus 
Calecaneocavus 


Caleaneocavovarus 


J. Caleaneus 


4 


E.P. | Caleaneovalgus 


P.8. | Equinovarus 
W. B. | Equinovarus 
G.D. | Equinovarus 
J.B. 
J.B. 
O.S. | Varus 


*Explanation of muscle rating: 

N—Normal 

1—Very good; a muscle that can overcome gravity and moderate resistance but cannot 
perform the normal test 

2—Good; a muscle that can overcome gravity and slight resistance only 

3—Fair; a muscle that can overcome gravity but not resistance 

4—Poor; a muscle that can carry out its action only when gravity is eliminated 

5—Trace; a muscle that can be felt to contract but cannot move the part 

0—Gone; a muscle in which no contraction can be felt. 

+Abbreviation for muscles: 

G.S.—Gastrocnemius-soleus 

P.T.—Posterior tibial 
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| D 
a.s.{ | | AT. | PL. | P.B. | | F.H.L. | F.H.B. E. 

N - 0 N | 0 N 

5) | N 0 0 1 1 0 N 

6 | N.D. 0 0 N | 1 3 N 
7 | N | N | N | N N | N N 
N 2 0 N | N 3 N 

| 9 M. H. N 0 0 N N N N ot 
10 | W.H. 0 N | N N N 

11 | N 1 3 4 
15 |- M.L. 0 2 N 0 0 N 

6) 0 1 N N N 1 

18 J. W. BA N N N 1 

20 5 N N N | N 

2] | 4 1 N N | N N 
22 | 1 3 5 0 0 N 
| 23 | N 0 0 0 0 N 
0 0 0 0 0 N 
ee 25 | 0 0 0 0 0 N a 
on 26 0 0 0 0 0 1 "2 
27 2 0 0 0 0 N 

| 


I 


HAMMOND: 


DUE TO ANTERIOR POLIOMYELITIS* 


ELEVATION OF METATARSAL WITH HALLUX EQUINUS 


EHLL. | E.H.B. | P.D.L. | F.D.B. [E.D.LIED.B. OPERATIVE PROCEDURES PRIOR TO ELEVATION OF 
METATARSAL WITH HALLUX EQUINUS 
2 1 N 3 Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal; P.B. transfer to second cuneiform 
2 2 1 2 Triple arthrodesis; P.L. and P.B. transfer to first cunei- 
form 
N 2 0 N | 2 3 |P.L. transfer to base of first metatarsal; triple arthrod- 
esis; P.B. transfer to second cuneiform 
1 2 2 2 P.L. transfer to base of first metatarsal ; triple arthrod- 
esis 
0 L 0 Vulpius operation; triple arthrodesis; P.L. and P.B. 
transfer to first cunetform 
3 2 3 a Se N |Vulpius operation; triple arthrodesis; P.L. transfer to 
base of first metatarsal 
3 N N N N 3 |Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal; P.B. transfer to second cuneiform 
3 N 2 N 4 Vulpius operation; triple arthrodesis; P.L. transfer to 
base of first metatarsal; P.B. transfer to second meta- 
tarsal 
N 1 N N P.L. transfer to base of first metatarsal 
N N 2 1 Triple arthrodesis; P.L. transfer to base of first meta- 
tarsal 
3 2 1 P.L. transfer to base of first metatarsal; triple arthrod- 
esis 
N P.L. and E.H.L. transfer to first cuneiform; triple 
arthrodesis 
3 ] 1 0 0 |Achilles tenotomy; P.L. transfer to base of first meta- 
tarsal 
N 2 N | 0 Triple arthrodesis 
2 3 3 Triple arthrodesis; P.T., F.H.L., F.D.L. transfer to os 
caleis 
N N | N Subastragalar arthrodesis; P.L., P.B., and P.T. trans- 
fer to os calcis 
] N 2 P.L. and P.B. transfer to os calcis 
2 2 2 2 Subastragalar arthrodesis; P.L., P.B., and P.T. transfer 
to os calcis 
1 N Triple arthrodesis; P.L., P.B., and P.T. transfer to os 
calcis 
N N N i 2 1 |P.T., F.H.L., F.D.L., P.L., P.B., transfer to oscaleis, 
triple arthrodesis 
4 3 N F.D.L., P.L., P.B., F.H.L., and P.T. transfer to os cal- 
cis; triple arthrodesis 
0 0 1 N 4 Achilles tenotomy; Panastragalar arthrodesis 
0 0 0 0 Panastragalar arthrodesis 
0 0 0 N 0 Panastragalar arthrodesis 
0 0 0 N 0 No 
0 0 0 1 0 No 
0 0 0 0 0 No 


A.T.—Anterior tibial 
P.L.—Peroneus longus 
P.B.—Peroneus brevis 
P.Ter.—Peroneus tertius 


F.H.L.—Flexor hallucis longus 
F.H.B.—Flexor hallucis brevis 


E.H.L.—Extensor hallucis longus 
E.H.B.—Extensor hallucis brevis 
F.D.L.—Flexor digitorum longus 
F.D.B.—-Flexor digitorum brevis 
E.D.L.—Extensor digitorum longus 


E.D.B.—Extensor digitorum brevis 
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Fig. 2 (Table I, Case 15).—A, Lateral roentgenogram of foot 6 months after triple 
arthrodesis for paralytic pes calcaneocavovarus. 

B, Lateral roentgenogram of foot showing the elevation of the first metatarsal with 
hallux equinus. 

C, Photograph of foot showing the deformity. 

D, Lateral roentgenogram of foot 6 months after operative correction of first meta- 
tarsal-great toe deformity. (In this case the tibial graft was placed medially.) 


Fig. 3 (Table I, Case 16).—A, Lateral roentgenogram of foot 10 years after 
astragalocalcaneal arthrodesis and transference of peroneus lonzus, peroneus brevis, 
and posterior tibial tendons to calcaneus for paralytic pes calcaneocavus; the elevated 
first metatarsal with hallux equinus is well developed. 

B, Photograph of foot as shown in A. 

C, Lateral roentgenogram of foot 6 months after operative correction of first meta- 
tarsal-great toe deformity. 

D, Photograph of foot 15 months after operative correction of first metatarsal de- 
formity. 
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(b) Peroneal muscles normal strength. Transference of peroneal 
tendons to os calcis, six examples (Table I, Cases 16 to 21 inclusive) — 
Four cases had caleaneocavus deformities of the foot and one patient 
presented a pes caleaneocavovarus. A triple arthrodesis was done. 
Both peroneal tendons with or without other tendons were transferred 
to the os ecalcis in each case. The dorsal flexed position of the first 
metatarsal bone developed from two to twelve years after the tendon 
transference (Fig. 3). 

Due to the transference of the peroneus longus the strong anterior 
tibial muscle causes dorsiflexion of the first metatarsal. The develop- 
ment of this deformity before the triple arthrodesis in 2 patients of 
this group again demonstrates that the stabilization is not a necessary 
factor. A strong flexor hallucis brevis muscle is contributive. 

C. Strong flexor hallucis brevis muscle. Gastrocnemius-soleus mus- 
cles strong, moderately weak, or paralyzed. Otherwise lower extremity 
essentially flail, six examples (Table I, Cases 22 to 27 inclusive): The 
extremities were supported by braces. The flexor digitorum brevis 
muscle was also generally active. The gastroenemius-soleus muscle 
group was completely paralyzed in three of the extremities while it was 
moderately weak in one and had normal strength in two. One patient 
had a strong flexor hallucis longus. To correct deformity and to stabil- 
ize the foot a panastragalar arthrodesis was done in three patients. To 
correct the metatarsal displacement the flexor hallucis longus in the one 
patient was sectioned without result (Fig. 4). 


A. 

Fig. 4 (Table I, Case 27).—A, Lateral roentgenogram of foot 3 years after panas- 
tragalar arthrodesis for paralytic pes equinovarus; the first metatarsal-great toe de- 
formity is well developed. 

B, Lateral roentgenogram of foot 2 months after operative correction of first meta- 
tarsal-great toe deformity. (The tibial graft was placed medially in this case.) 


The strong flexor hallucis brevis muscle is the primary cause of the 
deformity, producing a plantar flexion deformity of the great toe. This 
muscle supplements the Achilles group of muscles in walking or when 
the action of the latter is absent, acts as a plantar flexor to gain some 
power of push-off in walking. In the standing position the muscle is 
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again very active as an aid in balance. The first metatarsal bone, of 
necessity, dorsiflexes when the hallux assumes this position. 

II. Congenital Talipes Equinovarus, Seven Examples.—A primary 
dorsal flexion deformity of the first metatarsal bone and secondary 
plantar flexion deformity of the great toe may develop. 


A. Deformity well corrected. ' Persistent imbalance of peroneal mus- 
cles and tibial muscles, one example: This patient was first seen because 
of a mild recurrence of equinovarus deformity. Tibial muscles possessed 
normal strength but the peroneal muscles were very weak. A triple 
arthrodesis was done and resulted in good correction. Six months later, 
on standing and walking only, the first metatarsal bone was dorsiflexed 
and the hallux plantar flexed. With the foot at rest there was no evi- 
dence of this deformity. 


Fig. 4 C.—Photograph showing the deformity as in Fig. 4 A. 


B. Residual severe deformity consisting of equinus of the hind foot 
and dorsiflexion of the forefoot (Rocker feet), six examples: The pa- 
tients varied in age from 6 months to 5 years when treatment was 
started. All presented severe talipes equinovarus which either re- 
sponded to conservative treatment and then recurred or failed to re- 
spond from the start to this form of therapy. In two eases there were 
long periods when the patients were not seen. Corrective soft tissue 
operations followed by either the Hoke or Dunn type of triple arthrod- 
esis were done in all cases. In performing the stabilization in one pa- 
tient both peroneal tendons were sectioned for purposes of exposure and 
were sutured at the completion of the operation. The metatarsal de- 
formity gradually developed before the stabilization in four feet and 
after the stabilization in two (Fig. 5). 

The metatarsal and great toe deformity in this group is, again, due 
to the imbalance which exists between the peroneus longus and the 
anterior tibial muscles. In the uncorrected congenital talipes equino- 
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varus the peroneal muscles are weak and the tibial muscles are strong. 
After complete correction of the deformity this muscle imbalance may 
persist and account for a dorsiflexed first metatarsal bone and a plantar- 
flexed great toe which may, at first, be present only upon use of the foot. 

Faulty manipulative corrections of a congenital talipes equinovarus 
may, unfortunately, produce the so-called rocker foot by forcibly stretch- 
ing the ligaments and capsules which support the plantar aspects of the 
mid-tarsal joints. The hind foot remains in equinus and inversion 
while the forefoot is dorsiflexed and sometimes abducted. The action 
of the peroneus longus muscle is further weakened by the mechanical 


Fig. 5.—A, Latera] roentgenogram of foot 3 months after a Dunn triple arthrodesis 
for congenital talipes equinovarus. 

B, Lateral roentgenogram of foot 6 years later, showing a markedly elevated first 
metatarsal with hallux equinus. 

C, Photograph of foot showing the first metatarsal-great toe deformity with a 
marked dorsal bunion over the first metatarsal head. 

D, Lateral roentgenogram of foot 5 years after operative correction of first meta- 
tarsal-great toe deformity. 


interference imposed by such a deformity. The anterior tibial muscle, 
strong from the beginning, becomes more powerful with attempts of 
the patient to gain dorsiflexion of the entire foot. Thus, the first 
metatarsal bone is gradually pulled into more relative dorsiflexion than 
the rest of the forefoot. The great toe is plantarflexed by its two flexor 
muscles to provide a point of weight-bearing medially and to aid the 
push-off which is limited and weakened by the equinus of the heel.. 
III. Osteomyelitis of Os Calcis, Three Examples.—The osteomyelitis 
was due to pyogenic organisms in two cases and tuberculosis in one. 
The disease was quiescent in each case and the patients had been walk- 
ing upon the foot for years. Either because of operative removal or 
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destruction or both there was considerable loss of substance and de- 
formity of the caleaneus. Because of infection and operations all pre- 
sented considerable scarring about the hind foot. The infection had 
involved the ankle joints in the three cases causing a bony ankylosis. 
The subastragalar joint was ankylosed by bone in one and by fibrous 
tissue in two cases. The anterior tibial muscle possessed normal 
strength. The peroneal muscles were caught in scar tissue in one ease, 
were of questionable strength in one, and had good power in the third. 
The flexor hallucis longus muscle was moderately weak in two cases and 
had no apparent action in one. The flexor hallucis brevis muscle pos- 
sessed normal power in all cases. The dorsal flexion of the first meta- 
tarsal bone and plantar flexion of the hallux gradually developed. This 
deformity varied in degree and was always most marked on weight- 
bearing and walking (Fig. 6). 


A. 
Fig. 6.—A, Lateral roentgenogram of foot showing the ankylosed ankle and the 


marked deformity of the os calcis due to chronic, inactive, pyogenic osteomyelitis ; 
the elevated first metatarsal with hallux equinus is well advanced. 


B, Lateral roentgenogram of foot 1 year after operative correction of first meta- 
tarsal-great toe deformity. 


The possible causes of the deformity in these cases seem to be three 
innumber. Due to the considerable scarring about the heel the peroneus 
longus muscle may have been somewhat adherent to the sear tissue as 
it definitely was in one patient. The peroneal muscles may be further 
weakened by working at a mechanical disadvantage due to the deformity 
of the hind foot. The third factor is the ankylosis of the ankle with 
consequent loss of push-off from the Achilles group. This leads to the 
development of the flexors of the great toe, particularly the flexor 
hallucis brevis muscle, as secondary propelling muscles. All of these 
factors may be operative in these cases to explain the great toe-first 
metatarsal deformity upon the basis of muscular imbalance. 

IV. Cavus Feet, Three Examples—Two patients with cavus feet de- 
veloped a primary dorsiflexion deformity of the first metatarsal bone 
with secondary plantar flexion deformity of the great toe. The etiology 
of the pes cavus was obscure, although the second patient had a spina 
bifida occulta. 


CasE 1.—The first patient had bilateral pes cavus of moderate degree associated 
with mild weakness of the peroneal muscles. The plantar fascia was contracted and 
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overaction of the posterior tibial muscles was thought to be a contributing factor. 
Bilateral stripping of the plantar fascia and intrinsic muscles from the os caleis 
and transference of the posterior tibial tendons to the base of the third metatarsal 
bones were done. Within four months bilateral marked rocker foot resulted in a 
complete reversal of the original deformity. A triple arthrodesis of each foot failed 
to stabilize the foot in good position and the rocker feet continued. One year after 
the latter procedure, dorsal flexion deformities of both first metatarsals associated 
with plantar flexion deformities of the great toes were noted. Bunions were present 
over the dorsal aspects of the metatarsal heads (Fig. 7). 


The reversal of the deformity from pes cavus to pes planovalgus in this case was 
due to the posterior tibial tendon transference to the dorsum of the foot. The dorsi- 
flexed position of both first metatarsals with plantar flexion of the great toes was 
caused by the same muscular imbalance as in rocker feet complicating congenital 
talipes equinovarus. 


Case 2.—The second patient presented bilateral pes cavovarus associated with 
claw toes. The deformitiy was more marked in the left foot and the subsequent 
discussion refers to this foot. Pain over the plantar surface of the first metatarsal 
head was present and on weight-bearing he protected this joint by inverting the 
foot. No definite muscle weakness in the foot was apparent. The deformity was 
largely confined to the forefoot, the hind foot being essentially normal in appear- 
ance. The following operation was done upon the foot: arthrodesis of the first 
metatarsocuneiform joint with removal of wedges of bone from this joint to correct 
the downward displacement of the first metatarsal; transference of the tendon of 
the extensor hallucis longus to the neck of the first metatarsal; arthrodesis of the 
interphalangeal joint of the great toe; and dorsal capsulotomy of the first meta- 
tarsophalangeal joint to allow correction of the clawing of the great toe. Eighteen 
months later there was a dorsifiexion deformity of the first metatarsal with plantar 
flexion of the great toe. The patient continued to complain of pain in the first 
metatarsophalangeal joint. 


The cause of the great toe-metatarsal deformity is not exactly clear. Although 
the tendon transference resulted in marked weakness of dorsiflexion of the great 
toe, the flexors of this toe also became weak. A very plausible explanation, but one 
which is not definitely proved by postoperative roentgenograms, is the possible in- 
terruption of or slowing of growth from the dorsal portion of the epiphyseal line of 
the first metatarsal bone caused by the wedge osteotomy of the metatarsocuneiform 
joint. The base of the wedge of bone removed from this joint was, of course, dorsal 
and trauma to the dorsal portion of the metatarsal epiphysis might have resulted. 
The persistent pain over the plantar surface of the first metatarsal head might also 
explain the deformity inasmuch as protection of this painful area would require 
overuse of the tibialis anticus muscle in order to lift the first metatarsal head from 
the weight-bearing surface. 


V. Pes Planovalgus, One Example.—Following a twisting injury to 
the foot and ankle the patient developed a painful pronation of the 
right foot. There was considerable spasm of the peroneal muscles and 
of the long extensor muscles of the toes. Marked limitation of inversion 
and eversion of the foot was noted. The foot did not respond to con- 
servative management and a triple arthrodesis was done. The deformity 
gradually recurred and a dorsal flexion deformity of the first metatarsal 
and plantar flexed great toe appeared. The stabilization had relieved 
the peroneal spasm. The tibialis anticus muscle was overactive during 
active use of the foot. 
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The metatarsal deformity apparently is primary and may be pro- 
duced by essentially the same mechanism as in a rocker foot. The 
overactivity of the anterior tibial muscle to produce dorsiflexion and 
inversion in a pronated valgus foot overbalances the action of the 
peroneus longus upon the first metatarsal. 


VI. Paralytic Pes Planovalgus Associated With Recklinghausen’s 
Neurofibromatosis, One Example.—This patient presented a rather se- 
vere pes planovalgus which apparently resulted from involvement of 
the spinal cord by the neurofibromatosis. Definite paresis of the pos- 
terior tibial and gastrocnemius muscles was demonstrable. Conserva- 
tive treatment failed and a triple arthrodesis was performed. The 
peroneal tendons were sectioned in performing this procedure because 
the operator reasoned that they were deforming factors. This was an 
error in judgment as subsequent events proved. The weakness of the 
plantar flexors of the foot was increased with a definite caleaneal type 
of foot developing. Eight months after operation a well-marked dorsal 
flexion deformity of the first metatarsal and plantar flexion attitude 
of the great toe was present. 

The metatarsal deformity is primary and is due to the action of a 
strong anterior tibial muscle unopposed by a peroneus longus muscle. 
The flexor muscles of the great toe were utilized to enhance the pushoff 
mechanism in walking and also were used to plantarflex the great toe 
for a medial weight-bearing point. This case is comparable to the cases 
in Group B (a) caused by anterior poliomyelitis. 


TREATMENT 


Prophylaxis.—Nineteen cases of this deformity occurred as a result 
of tendon transference in anterior poliomyelitis. In these instances the 
balaneed and opposing actions of the peroneus longus and anterior tibial 
muscles upon the first metatarsal had been underestimated before pro- 
ceeding with tendon transference. Before transference of the peroneus 
longus tendon the effect of the loss of its normal action upon the first 
metatarsal should be carefully considered. 

With paralysis of the anterior tibial muscle in a case adapted to ten- 
don transference, the peroneus longus tendon or both peroneal tendons 
should be transferred to the region of the third metatarsal base or third 
cuneiform bone rather than to the region of insertion of the anterior 
tibial tendon. By this procedure the objectives of the tendon transfer- 
ence will be gained without resultant deformity of the first metatarsal 
bone. Another method that may be suggested is the transference of 
the peroneus brevis tendon to the anterior tibial tendon insertion, leav- 
ing the peroneus longus undisturbed. A triple arthrodesis is, of course, 
always indicated (Group I, A). 

In eases of weak or paralyzed Achilles group of muscles with strong 
anterior tibial and peroneus longus muscles, the latter muscle should 
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not be transferred to the os caleis unless the anterior tibial tendon is 
transferred to the mid-foot (Group I, B,b). 

Treatment of the Deformity.—It the muscle imbalance is not marked, 
the deformity may never become severe enough to warrant operative 
correction. In eases showing progressive deformity of the great toe and 
first metatarsal, operative correction is simplest when done early before 
the deformity has become fixed. Transference of the deforming muscle, 
either the anterior tibial or transferred peroneus longus, to the third 
metatarsal base may correct the dorsal flexion of the first metatarsal. 

If the first metatarsal deformity has existed for some time, it becomes 
more or less fixed and more radical surgery is often indicated. The 
deforming tendon should be transferred to the mid-foot as already re- 
ferred to and an arthrodesis of the joint or joints at which the dorsi- 
flexion oceurs should be performed, correcting the metatarsal displace- 
ment. This requires, as a rule, a corrective arthrodesis of the first meta- 
tarsocuneiform joint or the first cuneoscaphoid joint or both. This 
operation has given very satisfactory results in our experience (Table 
II). The dorsal aspect of the joint is opened by reflexion of the eap- 


TABLE IT 
RESULTS OF OPERATIVE CORRECTION OF DEFORMITY 


AVERAGE 
TIME TOTAL 
POST- GOOD POOR NUMBER 
OPERATION OPERA- OF EACH 
TIVELY OPERA- 
(IN NO. NO. NO. % TION 
MONTHS ) 


Transference of  de- 15 3: 6 
forming tendon 

Corrective arthrodesis 21 : : 15 
utilizing tibial graft 
dorsally 

Transference of de- 
forming tendon plus 
corrective arthrode- 
sis utilizing tibial 
graft dorsally 

Miscellaneous opera- 5 71 14 7 
tions* 


Summary 20 69 6 21 10 29 


*Miscellaneous operations. RESULTS 
1. Transverse osteotomy of proximal metatarsal shaft with dorsal tibial graft Fair 


. Transverse mid-tarsal osteotomy with rotation of forefoot to correct first 
metatarsal displacement and removal of wedge of bone to correct adduc- 
tion; transference of deforming tendon (transferred peroneus longus 
tendon) Good 


. Corrective panastragalar arthrodesis to correct talipes calcaneocavovarus ; 
section of deforming tendon (anterior tibial tendon) Good 
. First cuneiform scaphoid fusion with reversal of plantar wedges of bone 
(talonavicular fusion) ; capsulotomy of first metatarsophalangeal joint to 
correct flexion deformity of hallux Good 
. Triple arthrodesis, manipulation of forefoot into plantar flexion; tibial 
graft to defect in dorsal aspects of talonavicular joint Good 
. First metatarsocuneiform arthrodesis; section flexor muscles of great toe; 
capsulotomy of first metatarsophalangeal joint to correct flexion deformity 
of hallux Good 
. Transverse mid-tarsal osteotomy; manipulation of forefoot into plantar 
flexion ; tibial graft to defect in dorsal aspect osteotomy line Poor 
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sule and the cartilage is removed. With a thin osteotome a rectangular 
section of bone 14 to %% inch deep is removed from the dorsal aspects 
of the contiguous bones. These two sections of bone are cut into small 
pieces. The first metatarsal bone is manipulated into its normal posi- 
tion where it is held by an assistant. This replacement results in a 
wedge-shaped defect in the joint as the dorsal aspects of the contiguous 
bones swing apart. A bone graft of sufficient size to fill the rectangular 
defect and to bridge the dorsal gap in the joint is removed from the 
tibia and pounded into the prepared bed, maintaining the correct posi- 
tion of the metatarsal. Any space remaining in the joint is filled with 
small bone grafts. If arthrodesis of both the first metatarsocuneiform 
and first cuneoscaphoid joints seems advisable the technique is the 


BONE CHIPS 


Fig. 8.—Drawings to illustrate the arthrodesis of the first metatarsocuneiform 
joint, utilizing a tibial bone graft and bone chips, to correct elevation of the first 
metatarsal with hallux equinus; the deforming muscle should be transferred to the 
mid-foot if the first metatarsal displacement is primary. 


same, the tibial bone graft extending from the scaphoid bone across the 
first cuneiform into the base of the first metatarsal. If there is a fixed 
plantar flexion deformity of the great toe it usually responds to manip- 
ulation. In a small minority of cases a capsulotomy of the plantar 
aspect of the first metatarsophalangeal joint was also necessary. The 
foot is immobilized in a plaster cast with the corrected position of the 
first metatarsal well supported. Ankylosis is usually present in eight 
weeks (Fig. 8). 

Other operative procedures have been used in correcting this de- 
formity inasmuch as the treatment must be individualized for each case. 
Thus the correction of the first metatarsal deformity may be done at the 
mid-tarsal area as part of an osteotomy or triple arthrodesis which is 
necessary to correct other deformities and to stabilize the foot (Table 
II, Miscellaneous operations). 
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SUMMARY 


Forty-two examples of elevation of the first metatarsal with hallux 
equinus have been reviewed. The modes of production and methods of 
prevention and operative correction of the deformity are presented. 

The deformity is caused by a muscular imbalance of the foot which 
is the result of various primary diseases. An imbalance of muscles 
acting upon the first metatarsal caused the deformity in 86 per cent 
of the cases while 14 per cent were the results of muscular imbalance of 
the great toe. 

The primary disease was anterior poliomyelitis in 64 per cent of the 
examples. Tendon transference accounted for the deformity in 70 
per cent of the cases in this group (45 per cent of the total series). 
Before transference of the peroneus longus tendon careful consideration 
should be directed to the effect of such transference upon the first meta- 
tarsal. This tendon should not be transferred to the region of insertion 
of the anterior tibial tendon nor should it be transferred to the os ecaleis 
without regard for a strong anterior tibial muscle. 

The results of operative correction of this deformity have been rela- 
tively good. 

The author wishes to express his appreciation to Dr. C. E. Badgley, Dr. Martin 
Batts, and Dr. R. E. Mc Cotter for their help and advice in the preparation of this 
manuscript. 
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A CASE OF LIVEDO RETICULARIS AND VASOSPASM 
TREATED BY SYMPATHECTOMY, WITH SOME 
NOTES ON SYMPATHETIC ANESTHESIA 
IN LABOR 


Harris B. SHuMACKER, JR., M.D., BAurrore, Mp. 
(From the Department of Surgery of Johns Hopkins University and Hospital) 


fence reticularis is a rather uncommon circulatory disorder of the 
skin which has been recognized for many years but the mechanism 
of which is poorly understood. It is characterized by a reticular bluish 
mottling of the skin which is intensified by cold and by dependency of 
the affected part. Closely allied to this condition is the so-called livedo 
racemosa in which there are raised or palpable cutaneous lesions in a 
distribution corresponding to the bluish areas in livedo reticularis. Also 
closely related is erythema ab igne, a condition in which a more or less 
permanent reddish or brownish discoloration of the same general pat- 
tern occurs as a result of exposure to heat. 

The classification of livedo reticularis which Williams and Goodman! 
suggested is a very helpful one. These authors divided the eases into 
three groups. Cutis marmorata, the commonest form, occurs as a gen- 
eral rule rather diffusely over the body, is increased by cold and dis- 
appears when the body is warm, and is most frequent in infants, often 
disappearing as the child grows older. Livedo reticularis idiopathiea is 
a more intense mottling which generally persists with variation in de- 
gree regardless of ordinary changes in the temperature of the skin. 
Livedo reticularis symptomatica is a similarly persistent mottling as- 
sociated with some other disease which may affect the superficial vaseu- 
lar bed, such as the erythema induratum type of tuberculid,? syphilis,’ 
or periarteritis nodosa.* 

The case which I am reporting represents an unusual type of vaso- 
spastie disease in which livedo reticularis was present in the lower limbs. 
Because of the absence of pain with the uterine contractions of labor in 
this patient after she had undergone bilateral lumbar sympathectomy, I 
have been stimulated to investigate local anesthesia of the sympathetic 
nerves for the relief of pain in labor. 


CASE REPORT 


H. S., an 18-year-old white girl, came to the Johns Hopkins Hospital on May 29, 
1940, complaining of bluish mottling of both lower extremities and of coldness and 
numbness of both feet. Her general health had been good. ‘Two years previously, 
during the winter, a friend had called her attention to a bluish discoloration about 
both ankles. When first noticed it was evenly distributed in both legs and gradu- 
ally spread in a symmetrical fashion down into the feet and farther up the legs. 
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Recently it had been present in the lower half of both thighs. When she arose in the 
morning the mottling was slight and became more noticeable after she had been 
on her feet for a short while. She thought it was increased by exposure to cold; it 
was less prominent during the warm summer months but became even more extensive 
when cold weather returned. She said that the discoloration became less apparent 
when she warmed her legs before a fire or under bedelothes. During the winter in 
which the mottling was first observed she had also begun to complain of coldness of 
her feet and legs; she could not recall which came first. On slight exposure to cold 
the feet and legs would become extremely cold, and often there would be a mild 
aching tired feeling in the legs and feet and an annoying numbness of the feet and 
ankles. Emotional excitement did not seem to cause her feet to become cold. She 
thought that her feet and hands perspired more than normally. She had no edema 
or ulceration. Her hands were generally warm and became cold only on prolonged 
exposure to extreme cold. In recent months she had noted a very faint mottling 
on the dorsum of her left hand. It was of interest that the patient, as well as other 
members of her family, was accustomed to sitting with her feet on the rail of 
a stove when she came indoors on a cold day. No other members of the family had 
similar complaints. The family did not recall any mottling during her infancy. 

When she was first seen in the outpatient department on a cool day but after 
she had been in a warm room for an hour or more, her lower extremities presented a 
striking appearance. There was a dirty blue reticular mottling beginning in the mid- 
thighs and covering the entire legs and feet. The central areas within the cyanotic 
rings were extremely pale and the appearance was much like that often seen in 
vadavers. The entire discolored area was very cold; the upper halves of the thighs 
were warm. The femoral arteries pulsated well. At times it was thought that a 
weak pulsation in the left posterior tibial artery could be distinguished, but this 
was not certain. No right posterior tibial and neither dorsal pedal pulsation could 
be felt. On elevation of the legs the pale areas increased in pallor and the mottled 
blue gradually became less prominent and eventually disappeared. The mottling was 
intensified when the limbs hung down. The hands were moderately warm and the 
radial pulses full, and there was no mottling of the upper extremities or trunk. 

Two days later skin temperature studies were carried out. After the patient had 
been lying down in a warm room for some time the feet were slightly cool, the legs 
warm. The dorsal pedal pulsations were small but easily felt; the posterior tibial 
pulsations were full. There was a pinkish blue mottling up to the knees. On ex- 
posure to cold (room temperature 20° C.) the toes cooled to about room temperature, 
the temperature in the fingers dropped to 28° C., the mottling became more intense 
and extended up into the thighs, and the pinkish blue color gave way to a dusky 
blue. A very faint mottling appeared on the dorsum of the left hand. The dorsal 
pedal pulsations became almost imperceptible. When the body was warmed with 
blankets and heating pads, the exposed lower extremities gradually became warm, 
the pulses became stronger, and the mottling disappeared. After an hour and a 
quarter of body heating the temperature of the toes rose to 54° C. 

She was admitted to the hospital on July 23, 1949; the mottling had been less 
prominent during the previous summer, but it was now very noticeable even during 
hot weather. Although it was a very hot day the feet were cool and the mottling 
was present. Fig. 1 is a photograph of a water color made on a hot day after brief 
exposure in a cold room. When vasospasm was more complete the mottling was even 
more extensive than is here represented. When there was moderate vasospasm a 
brilliant red reaction could be obtained over both the pale and the livid areas by 
pricking into the skin a solution of 1:1,000 histamine. No reaction occurred when 1 
per cent mecholyl was pricked into the skin, These tests were not repeated when 
vasospasm was extreme. 

The impression was that the patient had severe vasospasm and livedo reticularis 
of both lower extremities. 
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On July 25, the second, third, and fourth lumbar sympathetic ganglia on the right 
side, with the intervening chain, were excised through the usual extraperitoneal 


approach, After this operation no mottling was noted in the right lower extremity 


and it remained warm and dry, whereas mottling persisted in the left, and the left 


foot was usually cool and wet though covered by bedclothes. When the legs hung 


down, however, a faint pink mottling appeared in the right leg and foot. Even in 
a hot room (30.4° C.) the difference in temperature of the two lower extremities 


was striking: the toes were 6.5° warmer on the right side, the ankle 3° and the 
patellar region 2° C. The same operation was carried out on the left side on August 


1, and she was discharged on August 7. 


Her feet have remained warm and dry, there has been no discomfort or numb- 
ness, and she has had no discoloration except a faint pink mottling when her legs are 
dependent. She has gone through two winters without any difficulty. When her 


legs are dependent a faint mottling is present which is less extensive than it was 


before operation, the reticulations are much finer, and the color is an inconspicuous 
bright pink. The mottling disappears slowly when she lies down, a little more rapidly 
when her limbs are elevated; it gradually appears when the limbs are hanging down, 


a little more slowly when a venous tourniquet is placed about the thigh when the 


patient is recumbent. 


F g. 1.—Photograph of a water color of the patient’s right lower extremity. 


The patient had her first child in August, 1941. When a show appeared she con- 
sulted her physician and was surprised to be told that she was having strong uterine 
contractions and was in active labor. She was admitted to a hospital, labor pro- 
gressed rapidly, and she was delivered spontaneously of a normal infant. She said 
that she had no pain at all with uterine contractions up to the time of expulsion of 


the baby. 


DISCUSSION 


Kaposi,? who apparently first used the term livedo to designate lo- 
calized and limited areas of eyanotie mottling in contradistinetion to 
generalized cyanosis, felt that the mottling was due to distension of the 
veins. The superficial venous network does not, however, correspond to 
the pattern of livedo reticularis. Renaut® made studies of the arrange- 
ment of blood vessels in the skin by injections of Prussian blue, during 
which there first appeared rounded blue patches which he felt outlined 
the bases of vascular cones, each of which was fed by a deep artery at 
its apex and which represented areas of maximal circulation. As the 
injection was first being made these rounded areas were separated by 
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pale tracts which he thought were the peripheral portions of the vascular 
cones and represented areas of reduced circulation. As the injection 
proceeded, these areas also became blue. He thought that venous stasis 
might produce a dusky reticular network corresponding to the areas 
of reduced circulation. This explanation of the anatomic background of 
livedo was accepted by Adamson’. and others. Lewis* was unable to re- 
peat these observations with dye injections of the skin, nor was he able 
to substantiate them with observations of natural injections of the skin 
following release of pressure after an arm had been emptied of blood 
with an Esmarch bandage. Yet he concluded that the evidence pointed 
to a ‘‘correspondence between areas of mottling and main arteriolar 
territories, the maximal points of supply being in the center of the paler 
areas. This excess of blood flow, slight as it may be, would explain an 
associated increase of minute vessel tone and pallor. Given that the 
marginal areas are areas to which blood flow is slightly less, then they 
would be more susceptible to damage, and here the tone of the vessels, 
originally low, would tend to become more or less permanently inefficient, 
leading to quite distinct changes in responsiveness, changes that might 
even become associated with refractoriness.’’ Although Lewis was un- 
able ordinarily to detect anything but negligible and inconstant dif- 
ferences in temperature between the pale and the colored areas, as might 
be expected if the difference in flow is slight, he did find that the pale 
areas in a case of erythema ab igne were, on an average, 0.08° C. warmer 
than the dark areas, indicating, if anything, a slightly greater blood 
flow in the pale areas.*:® Lewis stated that capillaries and venules are 
the same in number in the pale and the livid areas; Barker, Hines, and 
Craig’® stated that capillaries are more numerous in the livid areas and 
usually more dilated and with slower blood flow. 

From the data available it appears that the best explanation of the 
mechanism of livedo is as follows: There are areas of maximal blood 
supply in the skin, perhaps from capillary arborizations from central 
arterioles which enter the skin from below. In these central areas the 
tone of the capillaries is slightly greater and the blood flow slightly faster 
than in the surrounding periphery. Either through organic changes in 
the blood vessels or through vasospasm of the arteries and arterioles sup- 
plying the skin, the capillary atony and stagnation of blood flow in the 
peripheral areas is further increased. This increase brihgs about a 
livid discoloration in annular rings surrounding central pale areas. 
The discoloration is intensified by exposure to cold, which further in- 
creases the vasoconstriction of the arteries and arterioles'supplying the 
skin. The livid areas disappear or change to a pink color with finer 
reticulation when vascular spasm is released by warming the body of 
the patient or by sympathetic interruption. Dependency of the affected 
part similarly brings about some intensification, possibly through the 
same mechanism, for though there is disagreement on this point?) ?” 
it is maintained by some investigators that vasoconstriction occurs when 
the legs are in a dependent position.1* '* The persistence of some 
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mottling after body warming or sympathectomy, as in my ease (although 
the discoloration is now pink and not blue) is due to the fact that in some 
instances the atony and dilatation of the capillaries may be more or less 
permanent. In order to explain the disappearance of the livedo on eleva- 
tion of the affected limb it seems best to assume that the venules drain- 
ing the capillary bed in the peripheral annular zones where there is re- 
duced blood flow and eapiilary atony are likewise somewhat dilated. 
When the limb is dependent the increased venous pressure would ex- 
aggerate this dilatation and stagnation in the venules and would in- 
crease the livedo; when the limbs are elevated these venules would empty 
and diminish the mottling. This explanation would account for the 
changes in appearance with dependency and elevation of the limb after 
sympathectomy has been’ performed and any normal vasoconstrictor 
effects of dependency presumably have been eliminated. 

It is interesting that Cavafy’ in 1883 wrote: ‘‘I think the condition 
is probably due to a vasomotor neurosis, allied to the local asphyxia of 
Raynaud, but the share taken in its production by arteries and veins is 
not easy to apportion. In temporary mottling from cold we have prob- 
ably to do with spasm of the terminal arterioles of the skin and conse- 
quent overfilling (from diminution of pressure a tergo) of capillaries 
and veins... .’’ 

Barker, Hines, and Craig’? have recently reported thirteen cases of 
livedo reticularis and have expressed the opinion that there are usually 
organic changes in the arterioles of the skin as well as chronic vaso- 
spasm. Several of their patients had ulcers of the legs and superficial 
gangrene of the toes. They performed lumbar sympathectomy in three 
eases. In two, in which there was gangrene of the toes, the feet became 
warm, the toes healed, no further gangrene developed, and the livedo al- 
most completely disappeared. In the third, in which there was an ulcer 
of the leg and gangrene of several toes, the operation was followed by 
healing of the ulcer and toes but the ulcer reappeared after a year and 
amputation was eventually necessary. In this case the livedo persisted 
but the color of the livid areas was pink except on exposure to extreme 
cold. 

The fact that my patient went through the first stage of labor with- 
out feeling any pain with uterine contractions was a very stimulating 
and somewhat surprising occurrence. The course of the afferent pain 
fibers from the uterus is not fully understood. Whether they pass from 
the superior hypogastric plexus directly into the lumbar sympathetic 
chains or whether all or part of them pass up through the aortic plexus 
to enter the sympathetic chains at a higher level, is not known. With 
regard to my patient one cannot be certain whether there was a causal 
relationship between the excision of the lumbar sympathetic chains and 
the absence of pain with uterine contractions. She certainly reacted 
normally to other painful stimuli. 

I know of one other instance in which a patient on whom bilateral 
lumbar sympathectomy had been performed has recently gone through 
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parturition. Four and one-half years previously sympathectomy had 
been performed elsewhere for Raynaud’s disease and scleroderma. The 
sweating defect would indicate that the operation undoubtedly included 
resection of both second and third lumbar ganglia. Though it is very 
difficult to interpret her subjective sensations during labor they merit 
consideration. At the time of delivery those attending her were not im- 
pressed with anything unusual but felt that her labor was very easy. 
On careful questioning she states that she was having no pain at all when 
her membranes ruptured spontaneously at 1:30 a.m. while she was lying 
in bed. She went to the hospital shortly afterward and fleeting uterine 
contractions were noted by the examiners. She slept soundly without 
medication until about 6 a.m. By 8 a.m. labor was definitely established. 
All during the morning she had no sensations with the uterine contrac- 
tions except an ill-defined feeling within the abdomen of an intermittent 
tightening and relaxation, not painful, a sensation akin to that ex- 
perienced when the skin is stretched and then released. In the after- 
noon she began to have an aching discomfort in the baek which was con- 
stant and which was not, as well as she ean reeall, exacerbated during 
uterine contractions. The feeling of tightness became stronger. At 4:15 
she experienced her first severe pain, an agonizing pain as if she were 
heing squeezed. The exact localization is not recalled, but she thinks it 
was felt over the abdomen as well as in the pelvis. After three or four 
such pains she was taken to the delivery room and at 4:45 an 1,860 Gm. 
child was delivered under sodium pentothal anesthesia. It is not pos- 
sible to say whether this relatively painless first stage was related to the 
sympathectomy or whether it was a coincidental easy premature labor. 

It will be interesting to learn if other women who have undergone bi- 
lateral lumbar sympathectomy have any alteration of subjective feelings 
during labor or whether they have the customary pain. Regardless of 
whether the absence of pain in my patient was coincidental or the result 
of her previous sympathectomy, or whether the second patient had di- 
minished pain as the result of her operation, the question of the rela- 
tion between lumbar svmpatheties and uterine pain deserves fuller study. 
Further study and observation of cases may or may not provide evidence 
to suggest that bilateral lumbar sympathectomy may be helpful in al- 
leviating painful uterine conditions or that this operation may be ad- 
vantageously combined with resection of the hypogastric plexus. 

The case reported has led me to investigate the effect of sympathetic 
anesthesia in labor. <A sufficient number of cases has been studied to 
permit me to say that an effectual injection of a local anesthetic solution 
into the region of the lumbar sympathetic nerves on both sides will al- 
leviate temporarily the abdominal pain associated with uterine contrac- 
tions apparently without interfering with the frequency or forcefulness 
of the contractions and without deleterious effect upon fetus or mother. 
A preliminary report of this study will be published shortly. As far 
as I know, direct bilateral injection of the lumbar sympathetic nerves 
has not been used for abolishing the pains of labor. Some years ago 
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Cleland,'® believing that the afferent pain fibers from the uterus entered 
the spinal cord through the eleventh and twelfth spinal roots, injected 
these roots in five women in labor and obtained analgesia over the lower 
abdomen and cessation of pain with uterine contractions. Several years 
previously Dellepiane and Badino™ had reported alleviation of pain with 
uterine contractions from a unilateral injection in the region of the third 
lumbar sympathetic ganglion. 

Although lumbar sympathetic anesthesia may ultimately prove of aid 
in alleviating pain during the first stage of labor, it is my hope that it 
will not be adopted in general obstetric practice until numerous problems 
concerned with its use have been thoroughly investigated. 


SUMMARY 


An unusual case of vasospasm of the lower extremities associated with 
livedo reticularis is presented and the mechanism of livedo is discussed. 
Lumbar sympathectomy gave an excellent result and appears to be in- 
dicated in cases of this kind. Because of absence of pain with the uterine 
contractions of labor in this patient, the possibility of inhibiting pain- 
ful stimuli from the uterus by interruption of the lumbar sympathetic 
impulses is being investigated. 
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EMBOLECTOMY FOR RIDING EMBOLUS OF ABDOMINAL 
AORTA* 


Hersert T. M.D., F,A.C.S., anp NatHan Capot,t M.D. 
Brookuyn, N. Y. 


ROBABLY the first attempt to remove an embolus by arteriotomy 

was made in 1895 by Ssabanjew,’ a Russion surgeon, and although he 
was unsuccessful, post-mortem examination nineteen days after opera- 
tion showed the suture line in the blood vessel to be free from clots. 
Following this attempt, several surgeons did arteriotomies but without 
suecess. Although also unsuccessful, Trendelenburg’s? operation for 
pulmonary embolism performed in 1907 encouraged further attempts 
in this field. However, all attempts at embolectomy were unsuccessful 
until Labey’s successful embolectomy of the femoral artery, as reported 
in 1911 by Mosny and Dumont.* In the following year, 1912, Alexis 
Carrell received the Nobel Prize from the King of Sweden for his re- 
searches on the suture of the blood vessels and the transplantation of 
vessels and organs. It was also in this year that Key* reported the suc- 
ond successful embolectomy of the femoral artery. The success of this 
case, the technique employed by Key, and the work of Carrell greatly 
stimulated the interest of surgeons in Sweden. By the end of 1927 Key* 


was able to collect 216 cases from the literature and hospital reports, 145 
of the patients having been operated upon in Sweden. About five years 
later, Strombeck, Hindmarch, and Sondberg® of Stockholm collected 
364 cases of embolism of the arteries of the extremities, all of the pa- 
tients having been operated upon in Sweden. Since that time there 
has been an increasing number of reports from the Seandinavian coun- 
tries and from this country. 


In 1929 Burrow and Flint® reported an unsuccessful attempt to re- 
move an embolism at the bifureation of the abdominal aorta by opera- 
tion. This case was of considerable interest in that the embolectomy 
was not performed until thirty-six hours after onset, at a time when 
there was marked evidence of peripheral circulatory impairment such as 
mottling, loss of pulsation, complete loss of function of the extremities. 
All of these symptoms disappeared after removal of the embolus through 
an incision in the terminal aorta, but the patient died twenty-six hours 
after operation, from cerebral hemorrhage with infarction, as revealed at 
necropsy. Several cases of embolectomy of the aorta were reported sub- 
sequently with the same result, the interval between operation and death 
varying from a few hours to a few days. In 1931 Mason and Warren‘ 

*Read before the Brooklyn Surgical Society, May 1, 1941. 

+Director of Surgery, Cumberland Hospital. 


tMedical Resident, Cumberland Hospital. 
Received for publication, March 10, 1942. 
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reported an embolectomy of the aorta with death from a renal infarction 
twenty-six hours after operation. Circulation was good in both legs after 
the operation until death. 

For the most part, the results of embolectomy in the terminal aorta 
have been poor. In 1932 Pearse® made a critical survey of embolectomy of 
the extremities, including seven embolectomies of his own in six cases. 
This survey apparently included the 216 cases reported by Key in 1929. 
As reported by Pearse, there were 282 embolectomies including thirty- 
four eases of embolism of the abdominal aorta, 131 of the common fem- 
oral, and forty of the brachial artery. Pearse states that for an embolec- 
tomy to be considered successful, the patient must survive at least a 
month after the operation. Of Pearse’s collected cases, 133, or 48 per 
cent of the patients, fulfilled this criterion, a fact which should encourage 
surgeons to continue their efforts. 

Etiology in the patient in the case to be reported was essentially the 
same as it had been in practically all of the previously reported cases. 
That is, it has its origin as a thrombus which begins in the left heart and 
from that point is floated into the arterial tree; if it is small enough, of 
course, its drifting will come to an end beyond the terminal femoral. 
However, out of 282 cases, as noted by Pearse, thirty-four came to rest 
at the bifureation of the aorta, creating a riding embolus. This particu- 
lar group presents probably the most fatal type of embolectomy, because 
it is very difficult to approach the terminal aorta without at least a 
spinal anesthesia, unless the retrograde procedure of Key is used, and, 
although this may be successful, it is difficult to see that its success in a 
riding embolus, such as the case to be reported, would be as good as a 
direct approach, which was followed in this and previous cases. 

The original embolectomy of the aorta through incisions in the right 
and left common iliac of our patient was followed three days subse- 
quently by embolectomy of the right common femoral at its bifurcation 
into the profunda and ten days later by a supracondylar amputation of 
the right limb, which revealed an embolus in the popliteal artery. 


CASE REPORT 


The patient was a 24-year-old white woman who entered the hospital because of 
dyspnea, cough, and fever of one week’s duration. She had been a known rheumatic 
since the age of 5 years when she showed manifestation of chorea which lasted for a 
year. Three years later she developed polyarthritis which necessitated bed rest for 
two months. At the age of 10 years she had another attack of polyarthritis, and 
it was at this time that cardiac manifestations were first noted. At the age of 15 
years the patient had a third attack of polyarthritis and carditis, and since that time 
has been on digitalis and limited activity. Dyspnea on exertion has continued despite 
this medication. For ten days prior to admission the patient had a cough with in- 
crease in her dyspnea and, when a temperature of 103° F. appeared, decided to be 
hospitalized. 

Her past history, aside from rheumatic fever, revealed measles, mumps, and 
chicken pox in childhood, a tonsillectomy at the age of 7 years, and excision of a 
pilonidal cyst at 18 years of age. 


4 
BO 
| 
, 


266 SURGERY 


Family History.—Irrelevant. 

Physical Examination.—On admission physical examination showed a very acutely 
ill young white female who was feverish and markedly dyspneic and orthopneic. 
Temperature, 105.6° F., pulse, 150; respirations, 28; blood pressure, 140/82. Eyes: 
Pupils equal and reactive; fundi normal; no petechiae. Ears, nose, and throat: 
Nose, engorged turbinates; ears, negative; mouth, tongue furred, teeth poor, pharynx 
red. Neck: Veins distended and fill from below, thyroid slightly enlarged. Breasts: 
No masses. Chest: Coarse moist ralés throughout chest; moderate number of fine 
crepitant rales at both bases. Heart: Apex beat forceful and present in seventh 
intercostal space at anterior axillary line, systolic thrill at apex, rapid, irregular in 
rate with pulse deficit, blowing systolic murmur at apex transmitted upward to- 
ward base, M, loud, P, accentuated. Abdomen: Liver four fingers below costal 
margin and tender; spleen and kidneys not felt. Extremities: No edema, clubbing, 
cyanosis, or petechiae. Neurologic: Physiologic. 

Laboratory Data on Admission.—White blood cells: 13,150 with 84 per cent 
polymorphonuclears, 13 per cent lymphocytes, and 3 per cent monocytes. Red blood 
cells: 4.4 million with 75 per cent hemoglobin (Sahli). | Sedimentation Time: 
Twenty minutes for 18 mm. Urine: Yellow, 1020, acid, one plus albumin; sugar, 
acetone, and microscopic negative. Wassermann: Negative. Blood Chemistry: 
Sugar, 117.6 mg. per cent; urea nitrogen, 11.9 mg. per cent. Blood Culture: Nega- 
tive 3/18, 3/19, 3/20, 3/21, 3/22, 3/30. Sputum: Pneumococcus type 18. Electro- 
vardiogram: Myocardial damage, auricular fibrillation, right deviation electrical 
axis. Chest Plate: Heart of characteristic mitral configuration, markedly enlarged 
(cardiothoracic ratio 0.73); lung fields show marked congestion secondary to cardiac 
decompensation. 

Course.—The patient was desperately ill on admission to the hospital. It was felt 
that she had rheumatic heart disease with rapid auricular fibrillation and decom- 
pensation and probably bronchopneumonia. She was given 5, cat units of digifolin 
intravenously, 5 cat units intramuscularly, and later 4 cat units of digitalis leaf orally. 
Morphine, oxygen, and 50 per cent glucose intravenously were administered. Sodium 
sulfapyridine, 4 Gm. intravenously, were given immediately and sulfathiazole started 
at 1 Gm. every four hours orally after an initial dose of 3 Gm. 

On this regime the patient’s improvement was remarkable; her temperature fell 
to normal, and her fibrillation was well controlled. On the evening of March 28, 
ten days after admission, she complained of sudden cramplike pains in both legs from 
the hips down and pain low in the back, followed by a sensation of heat and then 
numbness. Examination showed both legs from the hips down to be cool, slightly 
cyanotic, and hypesthetic. Femoral, popliteal, and dorsalis pedis pulses could not be 
felt, and oscillometric readings were zero. A diagnosis of saddle embolus at the 
bifurcation of the aorta was made and surgical consultation requested. The diagnosis 
was confirmed and decision made to operate immediately. Meanwhile, a cradle had 
been put over both legs with temperature at 90° F., the legs were oiled and bound 
with cotton, papaverine, % gr., and atropine sulfate, 1/150 gr., were given in- 
travenously; morphine sulfate, 1/6 gr., subcutaneously; papaverine, 1 gr., whiskey, 
% oz., and nicotinic acid, 100 mg., given orally. 

She was operated upon four hours following the onset of the pain. Under spinal 
anesthesia, a midline lower abdominal incision was made. Intestines were pushed 
back out of the pelvis and above the sacral promontory. The retroperitoneal space 
was opened and the terminal aorta with its bifurcation exposed. The bifurcation 
was found at the body of the third lumbar vertebra. About 2 cm. above this 
level the inferior mesenteric had its origin. There was pulsation down to within 14% 
em. of the bifurcation. No pulsation was noted at the bifurcation or in the right and 
left common iliacs. The terminal aorta was ligated. Perivascular coats were dis- 
sected from the common iliacs. Left common iliac was incised anteriorly for a 
distance of about 1 em., and, upon incising the intima, an embolus was noted 
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protruding through the incision. This was gently removed with forceps and found 
to be about 6 ecm. in length. There was a fair quantity and continuous reflux of 
blood from below this point. The opening in the vessel was closed with interrupted 
No. 6-0 oiled silk sutures. A cuff of peritoneum was placed around the incised 
part of the artery with endothelial side next to the vessel. A small leak of reflux 
blood necessitated two more interrupted sutures at the point of arterial opening. 
The right common iliac was then opened at the same level, about 1144 em. below 
the bifurcation. Incision in the vessel was the same length as the one on the left. 
As the intima was opened, an organized embolus extruded through the opening. 
This was slowly removed as on the previous side. Examination of the embolus 
showed that the distal part was apparently missing, and the embolus came out in 
three pieces. A catheter with suction was applied up the proximal part of the 
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Fig. 1.—(/) Anatomical exposure: (2) compression of aorta and bilateral arterot- 
omy; (3) and (4) first and second line of repair—note peritoneal cuff; (5) and (6) 
femoral arterotomy with mattress closure after embolectomy. 
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right common iliac, and two or three small pieces of friable embolus were removed 
from the bifurcation and up to the level of the ligature on the aorta. The catheter 
with suction was then inserted down into the distal part of the right common iliac 
for a distance of about 10 to 12 em., and suction was applied, but no organized 
embolus could be withdrawn. The opening in the vessel was closed with interrupted 
No. 6-0 oiled silk. A flap of peritoneum was sutured over the opening in the vessel. 
It was noted that when the right vessel was opened, there was very little reflux of 
blood from below. After the opening in the common iliac had been thoroughly closed, 
the ligature was removed from the terminal aorta. There was no evidence of pulsation 
below the point at which the terminal aorta had been ligated. The patient’s legs and 
feet were examined at this time, and, although there was definite improvement in the 
warmth of the left foot and leg, there was no evidence of pulsation in the tibial or 
femoral arteries. There was slight improvement in the right leg as far as warmth 
was concerned by the time the operation was completed. The retroperitoneal space 
opening was closed with continuous atraumatic No. 1. The abdomen was closed in 
layers, 

The patient withstood the operation remarkably well. Additional digitalis was 
given preoperatively, and the fibrillation was well controlled throughout the opera- 
tion at a rate below 100 per minute. 

The following day the patient’s legs were warmer and less cyanotic. Sensation 
and motor power in the legs improved. The left femoral pulsation was palpable but 
not the right. Oscillometric readings lower down were still zero. During the course 
of the next few days the left leg improved even further and an oscillometric reading 
of 4% was obtained in the entire leg. The right leg remained cool, pale, and slightly 
cyanotic. The right femoral pulsation was absent, and no oscillometric reading could 
be obtained in the right leg. It was decided to explore the right femoral artery and 
on April 1, three days following the first operation, the patient was taken to the 
operating room where, under 2 per cent novocain infiltration anesthesia, a transverse 
incision parallel to the inguinal ligament was made over the falx ingainale. Femoral 
artery was exposed and found to branch at this level into the profundi femoral and 
femoral artery. These arteries were opened separately and a No. 9 catheter inserted 
for a distance of 40 cm. upward and 40 em. downward from the point of incision in 
the vessel. Suction was applied in each instance. The catheter was gradually re- 
moved. A small organized embolus was removed from the vessel about 344 em. above 
its bifureation. No other emboli could be found. There was a small amount of 
reflux blood flow with a very weak pulsation following removal of this embolus. The 
openings in the vessel were closed with two rows of No. 6-0 oiled silk continuous 
mattress sutures. Skin and fascia were closed in layers with interrupted black 
silk. 

Following this operation, the right thigh became warmer, the color improved, and 
an oscillometric reading of 1% was obtained. The portion below the knee remained 
cool and slightly cyanotic. In addition to the medical therapy previously outlined 
(intravenous and oral papaverine, whiskey, heat cradle, sedation), a pavex boot was 
also added. 

By April 6 the patient was alert and cheerful and greatly improved. Her left 
leg was warm and had good femoral pulsation. She could move this leg readily and 
had no complaints referable to it. The right leg was warm down to the knee but 
slightly cool and cyanotic below this point. She could move the leg, but complained 
of frequent pain in the calf and foot. By April 10, nine days following the femoral 
exploration, the patient was running a low-grade fever ranging around 101° F., and it 
was obvious that the lower third of the right leg was becoming gangrenous and 
amputation was decided upon. The following day, under spinal anesthesia, a supra- 
condylar amputation of the right thigh was performed. Anterior and posterior flap 
incisions were made through skin, fascia, and muscles. The femoral vein and artery 
were clamped and cut and the femur was sawed through. The femoral artery was 
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opened and a No. 9 catheter with suction was applied and fed up into the artery 
for a distance of about 3 em. A well-organized embolus about 1.5 em, in length was 
removed with a small artery forceps. The artery was then incised for a distance of 
about 3 cm. and a metal eustachian catheter was inserted for its full length into 
it. Suction was applied and the catheter gradually removed. There was no pulsation 
in the vessel, and only a small quantity of arterial blood seemed to come down from 
it, but in an amount sufficient to necessitate ligating the end of the vessel. The 
sciatic nerve was retracted downward, injected with absolute alcohol, and about 3 
em. excised. Muscles over the stump of the bone were brought together by interrupted 
chromic sutures. Skin was closed with interrupted black silk. 

Following this operation, the patient rapidly improved and was soon able to get 
about in a wheel chair. After about a week she started to run a low-grade fever 
and examination revealed a recurrent infected pilonidal cyst. This was drained 
(Bacillus coli), irrigated, and packed with sulfathiazole. Improvement was noted 
in the patient’s general condition for several days but later began to show more 
dyspnea and orthopnea than usual. She responded poorly to the usual medical 
measures. On her twenty-seventh hospital day she was extremely dyspneic, and 
coarse rales were heard throughout the chest. She responded temporarily to 
morphine, oxygen, 50 per cent glucose intravenously, and digitalis, but that evening 
suddenly started to scream, complained of severe pain in the chest, and died within 
a few minutes, 


SUMMARY 


Although the patient died twenty-seven days postoperatively from 
what was apparently pulmonary infarction, we feel that the case is of 
sufficient interest to be reported because it does prove again that pa- 
tients with severe cardiac conditions can be subjected to major surgical 
procedures without immediate mortality. 

Autopsy would have made the case complete, and we regret that we 
are not able to give such a report. However, in summary, (1) a case 
of riding embolus at the bifurcation of the aorta is reported; (2) the pa- 
tient withstood three major surgical procedures in spite. of the fact that 
she had a severe cardiac condition; and (3) technique of emboleetomy 
has been illustrated. 
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CENTENNIAL OF CRAWFORD LONG’S FIRST USE OF ETHER 
IN SURGERY 
FRANK K. Bouanp, M.D., Atuanta, Ga. 


T HAS been said that medicine has advanced more in the last hundred 

years than in all other times combined. Such a statement appears to 
be particularly accurate in the year 1942, since the first surgical anes- 
thetic was administered just one hundred years ago, March 30, 1842. 
Then followed the epochal pioneer work of Pasteur, Lister, Koch, 
Roentgen, Halsted, and others, which has contributed so materially to- 
ward creating such an unparalleled hundred years in medicine. 

Disagreements over priorities in important discoveries in medicine 
and other sciences have led to discussions and sometimes heated argu- 
ments which have never ended and which will not end so long as there 
is a single supporter to champion the cause of any claimant. In no 
debate over priority of discovery in medicine has interest and feeling 
existed so intensely and so long as in the discovery of surgical anes- 
thesia. There seem to be two main reasons for this situation. If the 
discovery had been an ordinary one the matter would have been settled 
promptly and forgotten. But since the finding of means to make pain- 
less surgery possible was an achievement eagerly desired and sought 
throughout the centuries, and since no acquisition in medicine was more 
valuable, it was natural and human that any claimant to the immortal 
honor would press his demands vigorously, or have them so presented 
by his advocates. Another reason for the war of words and pamphlets 
which has existed over the discovery of anesthesia was the fact that all 
the contestants in the drama played their roles in a period of less than 
five years. If the different events had been distributed over longer 
time, and had most of the claimants not known one another and had not 
been brought into actual contact with one another, the violence of the 
controversy would have been less marked and sooner forgotten. 

It is not the purpose of the present paper to reopen the discussion, 
but to deseribe the part taken by one of the participants, Crawford 
Williamson Long, in commemoration ot the centennial of his achieve- 
ment. As a matter of fact, the name of Crawford Long did not figure 
conspicuously in the famous ‘‘ether controversy.’’ The heated argu- 
ments were mainly between the New England contenders and their 
supporters, Horace Wells, of Hartford, and W. T. G. Morton and 
Charles T. Jackson, of Boston. 

One of the most frequently quoted axioms of Louis Pasteur reads, 
‘‘In the realm of observation, chance only favors the mind prepared.’’ 
What preparation had Crawford Long which led him by chance to make 
such a useful discovery? Many of the world’s greatest men have arisen 

Received for publication, July 14, 1942. 
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from the humblest, most unpromising origins. It has been thought by 
some that Long possessed but little education and training, which was 
true of most medical practitioners of a century ago. But such was not 
the case with Dr. Long. Judged by modern standards which require 
that animal experimentation should precede clinical application in 
medical studies, Long did not appear to be prepared to produce such 
a monumental discovery, but he did possess a trained background and 
keen intellect which enabled him to make careful observations and ap- 
preciate their significance. 


ANCESTRY AND PREPARATION 


He was born in Danielsville, Madison County, Georgia, Nov. 1, 1815. 
His grandfather was Captain Samuel Long, Irish by birth, who 
emigrated to Pennsylvania in 1762, and settled in Carlisle, marry- 
ing Miss Williamson, of Ulster, Ireland. He served in the army of 
Washington, and at the Yorktown surrender was a captain in the com- 
mand of the Marquis de Lafayette. After the war, in 1792, Samuel Long 
moved to Madison County, Georgia, taking with him his 11-year-old 
son, James, who had been born in Carlisle. This James Long, father of 
Crawford, married Elizabeth Ware, a Virginia girl, whose parents were 
born and reared in Albemarle County, Virginia, and had come to 
Georgia and settled in Madison County. She was an energetic, warm- 
hearted, ambitious woman, of refined taste and much literary ability. 
Crawford’s father was a planter, and for years was clerk of the 
Supreme Court. He sat in the state senate for two terms and was the 
intimate and trusted friend of the Georgia statesman, William H. 
Crawford, who was successively United States senator, minister to 
France, secretary of the treasury, and candidate for President of the 
United States, in 1824, against John Quincey Adams, Andrew Jackson, 
and Henry Clay. Dr. Long was named after William H. Crawford and 
Captain Samuel Long’s wife. 

Crawford attended the academy in his native town, and at the age of 
14 years entered Franklin College, now the University of Georgia, 
where he took the degree of master of arts, in 1835, at the age of 19 be- 
ing considered ‘‘studious and wise’’ beyond his years, and called ‘‘the 
Baby’’ at college because of his youth. He stood second in the gradu- 
ating class. Contemporaneous with him were several distinguished 
Georgians: General Howell Cobb; General Benning, of Columbus, after 
whom Fort Benning is named; Senator Herschel V. Johnson; General 
Francis Bartow, of Savannah, who was killed at the First Battle of 
Manassas; and Senator A. O. Bacon. His roommate and closest friend, 
however, was Alexander H. Stephens, who became vice-president of the 
Confederacy. It is remarkable that two college roommates should have 
been chosen as the two illustrious citizens to represent Georgia in the 
National Statuary Hall. Undoubtedly the embryo physician must have 
received inspiration for his future success by his association with such 
men as these, as they must have felt the stimulation of contaet with him, 
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Long taught for one year in the Danielsville Academy, and after that 
began the study of medicine at Jefferson, Georgia, under Dr. Grant. 
He then took a medical course of one year at Transylvania College, at 
Lexington, Kentucky, which was the second medical school to be or- 
ganized in this country, Pennsylvania being the first. He reached this 
distant place by riding horseback over the mountains, with his rifle in 
his lap, because this section was still infested with Indians who often 
were on the warpath. 

In 1837, he entered the medical department of the University of 
Pennsylvania, which was then, as today, one of the leading medical 
schools of the world. Philip Syvng Physick, pupil of John Hunter, and 
father of American surgery, died during Long’s first course. William 
Gibson, pupil of Sir Charles Bell, sueceeded Physick as professor of 
surgery. While traveling in Europe Physick had been present as a specta- 
tor at the battle of Waterloo, and was wounded by a stray bullet. He 
is said to have been the first man to tie the common iliae artery (1812). 
Nathaniel Chapman was professor of practice of physie and clinical 
medicine; George B. Wood taught materia medica; William E. Horner, 
discoverer of the tensor tarsi, was professor of anatomy; Hugh IL. 
Hodge, who invented pessaries and obstetrical forceps, was professor of 
midwifery ; and Robert Hare was the celebrated professor of chemistry. 
A medical student of this time could hardly have been taught by a 
more capable faculty. 

Receiving the degree of M.D. from Pennsylvania University in 1839, 
he next went to New York, where he spent eighteen months ‘‘walking 
the hospitals.’’ The extent of postgraduate training offered by this 
course is not stated, but it was the best that could be obtained in the 
United States at this period. Among those whom he had opportunity 
to hear were Valentine Mott, Kearney Rogers, and Willard Parker. 
From filial duty young Long felt obliged to return home to practice. 
Had he elected to locate in New York or Philadelphia, as he once de- 
cided to do, and could have administered ether for the first time in 
such a large center, the question of priority in the discovery would not 
have arisen and have caused such acrimonious discussions. 

In 1841, at 26 vears of age, Dr. Long settled in the little town of 
Jefferson, Jackson County, Georgia, buying out the practice of his old 
preceptor, Dr. Grant. He soon acquired a lucrative practice, which 
grew rapidly and extended into the neighboring counties and towns of 
Georgia. His house in the village became the favorite social resort for 
the young men of the vicinity, and it was here that the discovery of 
ether anesthesia was made, March 30, 1842. 

On August 11, 1842, Dr. Long married Mary Caroline Swain, the 
16-year-old daughter of a planter, George Swain, and the niece of Goy- 
ernor Swain, of North Carolina, who was afterward president of the 
University of North Carolina. She was a lovely and intellectual woman, 
fit in every way to be the life partner of such a man. Mrs. Long died 
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September 22, 1888, at Comfort, Texas, from injuries received in 
a railroad wreck. She lies buried with her husband in Oconee Hill 
Cemetery at Athens. Twelve children were born to this marriage; six 
grew to maturity. The last surviving child, Mrs. Eugenia Long Harper, 
died July 5, 1940. Two grandchildren are alive, and great- and great- 
great-grandchildren. 

It is interesting to note that for one year, in 1850-51, Dr. Long lived 
in the budding city of Atlanta, but he found it a rather rough railroad 
town, with so little promise that he moved to the classic city of Athens, 
where there were better advantages for educating his children. He 
continued to reside in Athens until the day of his death, June 16, 1878, 
after practicing medicine for nearly forty years. A recent writer said 
that Crawford Long ‘‘died in obseurity.’’ Nothing could be further 
from the truth. When he died the whole state mourned and greater 
tributes of praise were never showered upon a citizen of Georgia. 


EMINENT ON MANY COUNTS 


Even without being the first to use anesthesia, Dr. Long would be 
considered one of Georgia’s most distinguished physicians. At the un- 
veiling of the monument to his memory in 1912, in Jefferson, Dr. Woods 
Hutchinson said that Long was in many respects in advance of his day. 
He treated and cured consumption by food and fresh air, and he treated 
typhoid fever as it was treated in 1912. He operated several times sue- 
cessfully for cancer of the breast, always clearing the ribs and removing 
the axillary glands. He is said to have cured several cases of lockjaw 
and was especially skilled in the use of obstetrical forceps. 

Long was reared a Presbyterian, his father and paternal grandfather 
having been elders in the Presbyterian Church, but he joined the Meth- 
odist Chureh in order to be with his wife. He considered slavery as 
God’s method of civilizing the African, and felt deeply the responsi- 
bility of having slaves to control and influence. Politically he was a 
Whig, and with his friend, Alexander H. Stephens, he opposed seces- 
sion, but like many other patriots, he ‘‘went with his state.’’ 

During the War Between the States he did not join the enlisted 
forces, but was appointed by the Confederate government in charge of 
the military hospital on the university campus at Athens, where he 
rendered valuable service. The Southern Cross of Honor was conferred 
upon him by the United Daughters of the Confederacy. 

All who knew him unite in declaring him a man of exceptional quali- 
ties of mind and soul. Dignified in manner, his whole appearance be- 
tokened culture and high character. He was sensitive, refined, and con- 
siderate of others, free from envy, malice, and uncharitableness. He 
maintained a slight reserve, except among intimates and congenial peo- 
ple. Cheerful in the sick room, he inspired his patients with confidence. 
He was fond of Shakespeare and good music; he was tall and slender, 
dressed in conventional black, always with frock coat, usually made by 
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a New York tailor; in short, he was a high-bred, scholarly, Christian 
gentleman. 
BEFORE ANESTHESIA 

In 1799, Sir Humphrey Davy, the English chemist, announced that 
the inhalation of nitrous oxide gas would produce insensibility and had 
cured toothache, adding these significant words; ‘‘ As nitrous oxide ap- 
pears capable of destroying pain it may probably be used with ad- 
vantage during surgical operations.’’ Here he stood upon the very 
threshold of the wonderful discovery, but Davy was not a medical man, 
and none was found progressive enough to carry out his suggestion. 

Sulphurie ether had been known for a long time as a chemical agent, 
but it was regarded as too dangerous to be used in medicine. Between 
the vears 1795 and 1839, however, different experimenters, such as 
Pareira and Faraday in England, Thomson in Scotland, and Godwin, 
Wood, and others in America, showed that the vapor of ether when 
inhaled would produce effects similar to those of nitrous oxide gas, such 
as exhilaration, excitement, laughter, erying, and insensibility, and 
would relieve the spasmodic disorders of colic, asthma, and whooping 
cough, and would cause insensibility to pain. And yet no one had the 
courage to employ ether in surgery or obstetrics. As late as 1839, 
Velpeau, the famous French surgeon, declared, ‘‘To escape pain in 
surgical operations is a chimera which we are not permitted to look for 
in our day.”’ 

During the first half of the nineteenth century there was an odd class 
of persons who traveled about the country, first in England and later 
in the United States, lecturing in publie on chemistry. One of the 
features of the program was to invite certain members of the audience 
upon the stage to inhale nitrous oxide or ether vapor ‘‘for the purpose 
of provoking exhilaration, excitement, semiconscious gyrations, and 
mirth-producing antics for the amusement of the spectators.’’ This 
first began with the use of nitrous oxide, but soon ether became the 
favorite for the reason that it was more easily manipulated. From these 
strange entertainments evolved the so-called ether parties, or ‘‘frolies,’’ 
which became popular throughout the country. 

Here it is appropriate to insert Dr. Long’s own account of how he 
came to give the first anesthetic for a surgical operation, describing his 
first cases. This statement was read before the Medical Association of 
Georgia, in 1852. 

FIRST OPERATION WITH ETHER 
In the Southern Medical and Surgical Journal for December, 1849, I 
presented an account of what I considered the first use of ether by inhalation 
as an anesthetic agent in surgical operations; a summary of which I will 
proceed to read to the Medical Association of Georgia. 
Previous to stating the first operation performed by me with ether, I will 


briefly give the reasons which induced me to make experiments in etheriza- 
tion. In the month of December, 1841, or January, 1842, the subject of the 
inhalation of nitrous oxide gas was introduced in a company of young men 
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assembled at night in the village of Jefferson, Ga., and the party requested 


me to prepare them some. I informed them that I had not the requisite 


apparatus for preparing or using the gas, but that I had an article 


(sulphuric ether) which would produce equally exhilarating effects and was 


as safe. The company was anxious to witness its effects; the ether was 


produced, and all present in turn, inhaled. ‘They were so much pleased with 
its effects that they afterwards frequently used it and induced others to use 
it, and the practice became quite fashionable in the county and some of the 
contiguous counties. On numerous cecasions I inhaled the ether for its ex- 
hilarating properties and would frequently at some short time subsequently 
discover bruises or painful spots on my person which I had no recollection of 
‘ausing and which I felt satisfied were received while under the influence of 


ether. I noticed my friends, while etherized, received falls and blows which 
| believed were sufficient to cause pain on a person not in a state of anes- 
thesia, and on questioning them they uniformly assured me they did not feel 


the least pain from these accidents. 


Observing these facts I was led to believe that anesthesia was produced 
by the inhalation of ether and that its use would be applicable in surgical 
operations. 


The first person to whom I administered ether in a surgical operation 
was Mr. James M. Venable, who then resided within two miles of Jefferson, 
and at the present time in Cobb County, Georgia. Mr. Venable consulted 
me on several occasions as to the propriety of removing two small tumors on 
the back part of his neck, but would postpone from time to time having the 
operation performed from dread of pain. At length I mentioned to him the 
fact of my receiving bruises while under the influence of the vapor of ether, 
without suffering, and, as I knew him to be fond of and accustomed to inhale 
ether, 1 suggested to him the probability that the operation might be per- 
formed without pain, and suggested to him operating while he was under its 
influence. He consented to have one tumor removed, and the operation was 
performed the same evening. The ether was given to Mr. Venable on a towel 
and when fully under its influence, I extirpated the tumor. It was encysted 
and about one-half an inch in diameter. The patient continued to inhale 
ether during the time of the operation, and seemed incredulous until the 
tumor was shown to him. He gave no evidence of pain during the operation 
and assured me after it was over that he did not experience the least degree 
of pain from its performance. This operation was performed on Mareh 50, 
1842. 

The second operation I performed on a patient etherized was on the 
sixth of June, 1842, and was on the same person for the removal of the 
other tumor. This operation required more time than the first from the eyst 
of the tumor having formed adhesions to the adjoining parts. The patient 
was insensible to pain during the operation until the last attachment of the 
cyst of the tumor was separated, when he exhibited signs of slight suffering, 
but asserted, after the cperation was over, that the sensation of pain was so 
slight as scarcely to be perceived. In this operation the inhalation of ether 
ceased before the first incision was made. Since that time I have invariably 
desired patients, when practicable, to continue the inhalation during the 


time of the operation. 

Having permitted such a time to elapse without making public my experi- 
ments in etherization |the author stated that these operations were made 
known to physicians and the people all about Jefferson and Athens at the 
time they occurred], in order to show the correctness of my statements, I pro- 
cured the certificate of the patient on whom the first operation was performed, 
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the certificates of two who were present at the time of the operation, and 
also of his mother, brothers and sisters and a number of his immediate 


friends who heard him speak of the operations soon after they were per- 
formed. 


A 


Fig. 1.—Portrait of oil painting of Crawford W. Long by Lewis Gregg. 


THE FACTS CERTIFIED 


The Southern Medical and Surgical Journal of 1849, December, contained 
but two of the certificates. I have a number of others which may be seen or 
read, if desired by the association. 

My third case was a negro boy who had a disease of the toe which 


rendered amputation necessary, and the operation was performed July 3, 
1842, without the boy evincing the slightest degree of pain. 
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These were all the surgical operations performed by me in the year 1842 
upon patients etherized, no other cases occurring in which I believed the in- 
halation of ether applicable. Since 1842 I have performed one or more 
operations, annually, on patients in a state of etherization. I procured some 
certificates in regard to these operations, but not with the same particularity 
as in regard to the first operations, my sole object being to establish my 
claim to priority of discovery of the power of ether to produce anesthesia. 
However, these certificates can be examined. 


The reason which influenced me in not publishing earlier, I was anxious 
before making my publication to try etherization in a sufficient number of 
cases to fully satisfy my mind that anesthesia was produced by the ether and 
was not the effect of the imagination, or owing to any peculiar insuscepti- 
bility to pain in the persons experimented on. 


At the time I was experimenting with ether, there were physicians ‘‘high 
in authority’’ who were the advocates of ‘‘mesmerism,’’ and recommended 
the induction of the mesmeric state as adequate to prevent pain in surgical 
operations. Not withstanding thus sanctioned, I was an unbeliever in the 
‘*science,’’ and was of the opinion that if the mesmeric state could be pro- 
duced at all, it was only on those of strong imagination and weak minds, and 
was to be ascribed solely to the working of the patient’s imagination. Enter- 
taining this opinion, I was the more particular in my experiments in etheri- 
zation. 

Surgical operations are not of frequent occurrence in a country practice, 
and especially in the practice of a young physician; yet I was fortunate 
enough to meet with two cases in which I could satisfactorily test the anes- 
thetic powers of ether. From one of these patients I removed three tumors 
the same day; the inhalation of ether was used only in the second operation 
and was effectual in preventing pain, while the patient suffered severely from 
the extirpation of the other two tumors. 


In another case I amputated two fingers of a negro boy; the boy being 
etherized during the operation as to one finger and not during the other— 
he suffered during the operation as to one finger and not during the other. 
After fully satisfying myself of the power of ether to produce anesthesia, 
I was desirous of administering it in a severer surgical operation than any I 
had performed. In my practice prior to the published account of the use of 
ether as an anesthetic I had no opportunity of experimenting with it in a 
capital operation, my cases being confined, with one exception, to excising 
small tumors and the amputation of fingers and toes. While cautiously ex- 
perimenting with ether as cases occurred, with the view of testing its anes- 
thetic powers and its applicability to severe as well as minor surgical opera- 
tions, others, more favorably situated, engaged in similar experiments and 
consequently the publication of etherization did not ‘‘bide my time.’’ I 
know that I deferred the publication too long to receive any honor from the 
priority of the discovery, but having by the persuasion of friends presented 
my claims before the profession, I prefer that its correctness be fully in- 
vestigated before the medical society. Should the society say that the claim, 
though well founded, is forfeited by not being presented earlier, I will cheer- 
fully respond: ‘‘So mote it be.’’ 

Not wishing to intrude upon the time of the association, I have made this 
short compendium of all the material points stated in my article in the Jour- 
nal; and if the society wishes any further information on the subject I will 
cheerfully comply with their wishes. 

(Signed) C. W. Long, M.D. 
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FURTHER PROOFS 


Following the reading of the foregoing paper the Association (See 
Transactions, pp. 113-117) unanimously passed the following resolution : 


Resolved, That this society is of the opinion that Dr. Crawford W. Long 
was the first person who used sulphuric ether as an, anesthetic in operations, 
and as an act of justice to him individually and to the honor of the profes- 
sion of our own state, we most earnestly recommend him to present at once 
his claims to priority in the use of this most important agent to the con- 
sideration of the American Medical Association at its next meeting, Dr. 
Dickinson, Dr. Cooper, Dr. 8. N. Harris, committee. 


Mr. Venable’s story of the first anesthetic is given in the following 
affidavit : 


I, James M. Venable, of the county of Cobb and state of Georgia, on 
oath depose and say, that in 1842 I resided at my mother’s in Jackson 
County, about two miles from the village of Jefferson, and attended the 
village academy that year. 

In the early part of the year the young men of Jefferson and the country 
adjoining were in the habit of inhaling ether for its exhilarating powers, and 
I inhaled it frequently for that purpose, and was very fond of its use. 

While attending the academy I was frequently in the office of Dr. C. W. 
Long, and having two tumors on the back of my neck, I several times spoke 
to him about the propriety of cutting them out, but postponed the operation 
from time to time. On one occasion we had some conversation about the 
probability that the tumors might be cut out while I was under the influence 
of sulphuric ether, without my experiencing pain, and he proposed operating 
on me while under its influence. 

I agreed to have one tumor cut out and had the operation performed that 
evening after school was dismissed. This was in the early part of the spring 
of 1842. 

I commenced inhaling the ether before the operation was commenced and 
continued it until the operation was over. I did not believe the tumor was 
removed until it was shown to me. 

A month or two after this time, Dr. C. W. Long cut out the other tumor, 
situated on the same side of my neck. In this operation I did not feel the 
least pain until the last cut was made, when I felt a little pain. In this 
operation I stopped inhaling the ether before the operation was finished. 

I inhaled the ether in. both cases, from a towel, which was the common 
method of taking it. 


James M. Venable. 
(Sworn to before me) Alfred Manes, J.P. 


This operation was done in the presence of four witnesses, James E. 
Hayes, A. T. Thurmond, W. H. Thurmond, principal of the academy, 
and Edmond S. Rawls, the last of whom testifies as follows. 


I, Edmond 8. Rawls, of Rome, Floyd Co., Ga., on oath depose and say that 
—on one occasion during that year (1842) I was present with James M. 
Venable in the office of Dr. C. W. Long, in Jefferson, Jackson Co., Ga., and 
witnessed Dr. C. W. Long cut out a tumor from the side of neck of J. M. 
Venable while said Venable was fully under the effects of the vapor sulphuric 
ether inhaled from a towel, and without his exhibiting the least symptoms of 
suffering pain from the operation. J. M. Venable was so unconscious of the 
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operation having been performed that he would not believe the tumor was re- 
moved until it was shown him. 


(Signed) E. 8. Rawls, M.D. 
(Sworn to and subscribed before me this second 
of November, 1853) E, L. Newton, J.J.C. 


The opponents of Long’s claim to priority in the use of anesthesia 
say that he kept his discovery a secret and that he, therefore, deserved 
no credit for it. The next two certificates from Dr. de la Perriere and 
Dr. Carlton, prominent physicians of the community, show that Long’s 
work was well known to citizens of the town of Jefferson and neighbor- 
ing places, particularly Athens, the center of learning in Georgia; that 
it was considered a remarkable discovery by the populace, and that these 
doctors knew of it and realized its importance: 


Georgia, Jackson County. 


I, Ange de la Perriere, M.D., do certify that I resided in Jefferson County, 
Georgia, in the year 1842, and that sometime in that year I heard James M. 
Venable, then of said county, speak of Dr. C. W. Long’s cutting off two 
tumors from his neck while under the influence of the inhalation of sulphuric 
ether, without pain or being conscious of the performance of the operation. 

I do further certify that the fact of Dr. C. W. Long using sulphuric ether 
by inhalation to prevent pain in surgical operations was frequently spoken 
of and notorious to the county of Jackson, Georgia, in the year of 1842. 

A. de la Perriere, M.D. 
(Sworn to and subscribed before me this thirtieth 
of March, 1854) N. H. Pendergrass, J.P. 


Athens, Clarke Co., Georgia. 

I, the undersigned, do certify that in May, 1843, I assisted Dr. R. D. 
Moore in amputating the leg of a colored boy Augustus, then the property 
of Mr. Wm. Stroud, who resided in this county; and that I distinctly recollect 
hearing Dr. R. D. Moore say, ‘‘If I had thought of it before leaving home I 
would have tried Dr. C. W. Long’s great discovery, namely the administra- 
tion of sulphuric ether as an anesthetic in performing the operation.’’ Havy- 
ing neglected to bring the ether, Dr. Moore finally concluded to influence 
the patient with morphia; under which influence the operation was per- 
formed. 


Jos. B. Carlton, M.D. 


Many other certificates could be offered to prove these facts but 
these seem sufficient for the present narrative. The original copies of 
all the documents, affidavits, ete., are now in possession of the Smith- 
sonian Institute, in Washington, D. C. Many distinguished surgeons 
and other writers have contributed articles on Long’s discovery of anes- 
thesia. Among these are J. Marion Sims, Hugh H. Young, John 
Chalmers da Costa, Dudley W. Buxton, the English anesthetist, Joseph 
Jacobs, Long’s young office boy, and others. The most complete account 
is given in Mrs. Taylor’s work. 

If the statements of Crawford Long’s daughters are authentic, his 
use of anesthesia in obstetrics preceded by two years its employment by 
Sir James Y. Simpson. Mrs. Harper, in a signed letter to the writer, 
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declared that she and other members of the family had often heard their 
mother say that Dr. Long administered ether to her at the birth of her 
second child, who was Mrs. Frances Long Taylor, born Dec. 17, 1845. 
The family Bible corroborates this date. This important date in the 
history of anesthesia was not published until after Mrs. Taylor’s death. 
She could have given it as an addition to her father’s claim to fame, 
but in so doing she would divulge her age, which the proud lady was 
loath to do. 


Fig. 2.—Long’s first operation under ether. Maurice Siegler. 


It has been charged that Long used ether anesthesia only a few times 
and then abandoned it. In a letter written in 1921, Mrs. Taylor stated 
that the complete records of her father’s operations under ether were 
lost in 1908, but that at the time she wrote there were living witnesses 
or their descendents in and around Athens who testified that Dr. Long 
used ether continuously up to the very day of his death. From memory 
Mrs. Taylor named fifteen occasions in which ether was employed as 
an anesthetic, five times in difficult obstetrical cases. The other ten 
eases included eight breast amputations, one amputation of the leg, and 
an operation for cancer of the groin. In the breast amputations it is 
claimed that the axillary glands were removed and the ribs ‘‘scraped.’’ 
Mrs. Taylor also wrote that there were many ‘‘minor’’ operations under 
ether anesthesia which were not recorded. 

The chief argument used against Crawford Long as the discoverer 
of surgical anesthesia is that he made no publication of his experiments 
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until December, 1849, three years after the universal publication and 
adoption of the method. While it is true that Long did not publish his 
work in a periodical until this date, from the very first he made no 
secret of the discovery ; he always operated in the presence of witnesses, 
and encouraged publicity by public discussion and by urging the use 
of ether by other physicians, so that it was known over a wide section of 
country. The nearest hospital, medical journal, and railroad were at 
Augusta, 140 miles away, and the nearest newspaper, a weekly, was at 
Athens, 20 miles away. 

Crawford Long has been honored in many ways besides those already 
mentioned. Various bodies of medical men have adopted resolutions ex- 
pressing the belief that he is entitled to be called the discoverer of anes- 
thesia. The Southern Medical Association passed such a resolution in 
1922. In 1878, Marion Sims presented the state of Georgia with a heroic 
size oil painting to be hung in the State Capitol. In 1912, the University 
of Pennsylvania unveiled a medallion to perpetuate the memory of its 
illustrious alumnus. The same year Dr. (afterwards Governor) L. G. 
Hardman, of Commerce, Georgia, gave to the town of Jefferson a marble 
shaft commemorating the deed of its former citizen, and in 1921, a re- 
duplication of the beautiful medallion at the University of Pennsylvania 
was placed on the campus of the University of Georgia by Dr. Joseph 
Jacobs, an alumnus of the institution. 

The best portrait of Long is the one painted by Lewis Gregg for 
Alumni Hall at the University of Georgia. The state of Georgia has 
erected at Danielsville, Long’s birthplace, a replica of the statue in 
Statuary Hall. In 1931, the name of the Davis-Fischer Sanitarium was 
changed to the Crawford Long Memorial Hospital, the largest private 
hospital in Atlanta. Every year on March 30, exercises commemorate 
the discovery of anesthesia as ‘‘Crawford Long Day”’ at the University 
of Georgia. In 1940, the United States Post Office issued a postage stamp 
bearing a portrait of Dr. Long. The first sale of this stamp was made the 
oceasion of a memorable celebration at Jefferson, Georgia, April 8, 1940, 
when Postmaster General James A. Farley presented the first sheet of 
stamps to Mrs. Eugenia Long Harper, Dr. Long’s sole surviving child. 
On the Centennial day of Long’s discovery, March 30, 1942, an admirable 
play based on the subject was presented in Atlanta and later given in 
Augusta 2: the meeting of the Medical Association of Georgia. 
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ACUTE DIVERTICULITIS OF THE CECUM 


Epwarp ScunuG, M.D., Cincinnati, 


(From the Department of Surgery, College of Medicine, University of 
Cincinnati, and the Cincinnati General Hospital) 


URING the past several years we have encountered six cases of 
acute diverticulitis of the cecum. In reviewing the literature one 
is amazed to find so few reported cases of the condition. The first case 
was reported by Patier in 1912, and since then only thirty-one addi- 
tional cases have appeared in the literature. It is also surprising to find 
that the standard textbooks of surgery do not mention the condition. 
A complete statistical review of the reported cases has not appeared 
in the literature to date. Because of the marked similarity in the clinical 
pictures of appendicitis and diverticulitis of the cecum, the apparent 
difficulty in recognizing the condition at the operating table, and the 
lack of standardization in treatment of the condition, we felt that a 
complete analytical study of the disease was indicated. 

Diverticula occur throughout the gastrointestinal tract and are found 
most frequently in the colon. Diverticula of the colon are classified 
as the true or congenital and the false or acquired types. The congenital 
or true type is probably a developmental anomaly falling into the same 
class as a Meckel’s diverticulum. The wall of the true diverticulum 
contains all the layers of the normal intestinal coat. The false or 
acquired diverticulum is believed by most writers to be formed as a 
result of a localized area of weakness in the intestinal wall, combined 
with a tendency toward constipation and an increased intracolonic 
pressure. The false diverticula show the absence of one or more mus- 
cular layers. True diverticula are almost always found in the region 
of the cecum and are characteristically single. (See Fig. 1.) False 
diverticula are almost always multiple and are found most frequently 
in the rectosigmoid region ; they show a decreased incidence from left to 
right. Both the true and the false diverticula are often asymptomatic, 
but with the onset of acute inflammation they give rise to acute abdomi- 
nal signs and symptoms. Thus, true solitary diverticula of the eceeum 
may give rise to acute signs and symptoms in the right lower quadrant. 

The thirty-two reported cases of acute diverticulitis of the cecum, 
together with the six cases treated in our clinic make up the series for 
the study in this communication. We realize the number of cases is 
necessarily small but we do feel that a statistical study of the series 
does bring out several pertinent points. 

Acute diverticulitis of the cecum occurs with almost equal frequency 
in the two sexes with 57.8 per cent of the eases present in females. 
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The average age is 40.2 years with 47.3 per cent occurring between the 
ages of 20 and 40 and 47.3 per cent occurring after the age of 40. Two 
cases were under 20 years of age. This in itself tends to segregate the 
condition from the more common condition of multiple diverticulosis 
and diverticulitis of the colon which occurs almost exclusively after the 
age of 40. 


Fig. 1.—The three most common locations of solitary diverticula of the cecum. 


The history obtained from a patient with acute diverticulitis of the 
cecum is very often a typical history for acute appendicitis. Thirty- 
one and five-tenths per cent of the cases gave a story of epigastric or 
generalized abdominal pain at the onset with subsequent localization 
in the right lower quadrant. The duration of pain prior to admission 
was twenty-four hours or less in 31.5 per cent of the eases, while 55.2 
per cent gave a history of pain from one to three days in duration. The 
patients in 100 per cent of the cases complained of right lower quadrant 
pain, usually cramping in character. Patients in 44.7 per cent of the 
cases complained of nausea, while in 26.3 per cent of the cases, vomiting 
was present. 

Examination of the abdomen revealed right lower quadrant tender- 
ness to be present in 97.3 per cent of the cases with associated muscle 
spasm in 81.5 per cent. A right lower quadrant mass was detected in 
26.3 per cent of the patients. The temperatures varied from 98.6 to 
102° F., with an average of 99.6. White blood count varied from 6,000 
to 22,500 with an average of 12,700. Patients in 23.6 per cent of the 
cases gave a history of one or more previous attacks. 
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A preoperative diagnosis of acute appendicitis was made in 68.4 per 
cent of the cases. This is, of course, the logical diagnosis in a patient 
with such a history and such clinical findings. A comparison of the 
pertinent points in the history and findings in acute diverticulitis of 
the cecum to those in appendicitis as compiled by Reid, Poer, and Merrell 
reveals the striking similarity of the clinieal picture in the two condi- 
tions (Table I). In one case the correct diagnosis of acute divertic- 
ulitis of the cecum was made before operation. A diagnosis of appendical 
abscess was made in four cases and the remainder of the diagnoses in- 
cluded intestinal obstruction, abscess of unknown etiology, ete. In none 
of the cases was a diagnosis of carcinoma of the cecum made preopera- 
tively. 

TABLE I 


COMPARISON OF THE FINDINGS IN ACUTE DIVERTICULITIS OF THE CECUM 
AND ACUTE APPENDICITIS 


ACUTE ACUTE 

APPENDICITIS DIVERTICULITIS 

Sex 66% Male 57.8% Female 
Age 11 to 30 inclusive 68% 2 under 40 


47.3% (20-40) 
47.3% over 40 


Typical history of acute appendicitis 53% 31.5% 
Nausea 78% 44.7% 
Vomiting 73% 26.3% 
Pain 94% 100.0% 
W.B.C. (Average) 17,200 12,700 
Temperature (Average) 100.0° F., 99.6° 


The diagnosis of the condition at the operating table with the path- 
ology exposed is often quite difficult. In 63.4 per cent of the cases the 
condition was recognized after the abdomen had been opened. 


Five of the cases were diagnosed carcinoma of the cecum; three, 
tuberculosis of the cecum; two, benign ulcer of the cecum, and in three 
the interpretation of the lesion at the operating table was not recorded. 
The lesion is most frequently located on the lateral and anterior aspect 
of the cecum, but did occur on the medial or posterior aspect of the 
cecum as well. The condition often develops into a large, firm, indurated 
mass involving the cecum, which does appear not unlike a malignant 
lesion. This similarity to carcinoma in gross appearance at least partly 
explains the high percentage of cases in which radical methods of treat- 
ment were used. Patients in 34.2 per cent of the 37 cases operated upon 
had a right colectomy and ileocolostomy performed upon them. Subse- 
quent pathologic studies of the specimens revealed an inflamed diver- 
ticulum of the eeeum with an associated typhlitis and pericecal inflam- 
matory mass. 


In 52.6 per cent of the cases the condition was recognized and an 
excision of the diverticulum was done. In three cases the condition was 
recognized but left undisturbed and an appendectomy was done. In 
one case drainage only was done. In one instance the condition was 
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diagnosed clinically and treated conservatively. The patient made an 
uncomplicated recovery and the cecal diverticulum was revealed in a 
follow-up barium enema. The tissue was studied in those cases in which 
an excision and closure or resection was done and all the specimens 
showed an acute inflammation in the wall of the diverticulum. Some 
contained feealiths but many did not. Follow-up barium enemas were 
done in thirteen of the cases. Nine of the cases showed normal colons; 
two showed the diverticulum of the cecum and two showed multiple 
diverticula of the left colon. 

In this series of thirty-eight cases there were two deaths, giving a 
mortality rate of 5.26 per cent, which is much better than one would 
expect when thirteen of the cases were subjected to a radical resection 
and anastomoses. One of the deaths occurred in a patient who was 
subjected to a resection and anastomosis. The other death oceurred in 
one of the patients in whom only drainage had been instituted. 


CASE REPORTS 


CASE 1.—D. G., a 59-year-old white man was admitted to the hospital, on April 
8, 1929. Eight hours before admission the patient developed cramping right lower 
quadrant pain which persisted and increased in severity. He had no nausea or 
vomiting and his bowels moved normally the day of the onset. No history of 
previous similar attacks was obtained. 

Positive findings on examination were limited to the abdomen. There was 
moderate right lower quadrant tenderness with no muscle spasm or rebound tender- 
ness. ,No mass was palpable. Rectal examination was not recorded; temperature 
was 98.6° F.; W. B. C., 9,800; urine, negative. The preoperative diagnosis was 
acute appendicitis. 

The patient was explored through a McBurney incision and the cecum was found 
involved with a hard indurated mass. The lesion was diagnosed as a carcinoma of 
the cecum. A right rectus incision was made and a right colectomy and ileotrans- 
verse colostomy was performed. The patient made an uneventful recovery. Patho- 
logic studies of the specimen revealed the lesion to be an acutely inflamed diver- 
ticulum of the cecum with an associated typhlitis. No evidence of carcinoma 
was found in the sections. 


CASE 2.—A white man, aged 30 years, was admitted to the hospital on Oct. 25, 
1937. Two weeks before admission this patient had an attack of upper abdominal 
pain associated with nausea. The attack lasted only two hours and was not asso- 
ciated with right lower quadrant pain or vomiting. Four days before admission the 
patient developed a similar crampy upper abdominal pain which the night before 
admission shifted to the right lower quadrant. Nausea was present but the patient 
did not vomit. He was somewhat constipated and took a cathartic the day before 
admission. The patient denied any previous similar attacks. 

Examination revealed nothing remarkable other than the abdominal and rectal 
findings. There was slight fullness in the right lower quadrant with a suggestion 
of a mass in the right iliac fossa. Tenderness was moderate in the right lower 
quadrant associated with some spasm. In addition there was definite rebound 
tenderness and pain on coughing both referred to the right lower quadrant. Rectal 
examination revealed moderate tenderness high on the right; W. B. C., 18,500; 
urine negative; and temperature, 98.6° F. The preoperative diagnosis was acute 


appendicitis. 
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The patient was operated upon through a McBurney incision and on the 
anterior cecal wall 3 cm. above the ileocecal junction an indurated, inflammatory 
mass 2 by 2%4 cm. was found. The mass was carefully dissected free from the bowel 
until a small neck was exposed which communicated with the lumen of the bowel. 
The mass was excised and the remaining defect was closed with purse-string sutures. 
The appendix was removed. The inverted area of the cecal wall was marsupialized 
and a protective wick was placed down to the area and the wound closed loosely. 
Pathologic studies revealed an acute inflammatory reaction in the wall of the 
diverticulum. 

The patient’s postoperative course was uneventful and he was discharged on 
his thirteenth postoperative day. He was seen in the follow-up clinic and was 
entirely symptom free. A checkup barium enema was negative. 


Case 3.—H. D., a white man, aged 31 years, was admitted to the hospital Dec. 
4, 1937. He gave a history of a vague left abdominal pain beginning twenty-four 
hours previously. The pain tended to subside and he slept well the night before 
admission, but when he awoke the next morning he had a catching right lower 
quadrant pain. The pain was exaggerated by walking and straightening up. He 
was nauseated but did not vomit and gave a history of constipation preceding the 
attack. A cathartic was taken the morning of admission and his bowels moved 
twice without exaggeration of the pain. There was no history of previous attacks. 

Physical examination revealed slight injection of nasal mucous membranes and 
slight redness of the pharynx. The abdomen was of normal contour. There was 
moderate tenderness in the right lower quadrant without muscle spasm. No re- 
bound tenderness or masses were found and the rectal examination was negative. 
Temperature was 99.6° F.; W. B. C., 15,200; urine completely negative. 

The preoperative diagnosis of acute appendicitis and acute pharyngitis and coryza 
was made. 

The patient was operated upon through a McBurney incision and 2 cm. above the 
appendix on the anterior cecal wall an inflamed, indurated mass 114 cm. in diameter 
was found. The neck was dissected out, ligated, the mass excised, and the stump 
inverted with a purse-string suture. The appendix was also removed. Pathologic 
studies of the specimen revealed the lesion to be an acutely inflamed diverticulum 
of the cecum with an associated typhlitis. 

Postoperatively the patient did very well and was discharged on the tenth post- 
operative day. He was seen in the follow-up clinic two months later and was free 
of symptoms. A checkup barium enema was done, which was entirely negative. 


CASE 4.—H. G., a colored man, aged 29 years, was admitted to the hospital on 
July 19, 1938. He gave a history of the onset of acute upper abdominal pain twenty- 
four hours previously, which subsided. Seven hours before admission a cramping 
right lower quadrant pain appeared, which persisted and increased in severity. The 
pain was increased by coughing and by movement. There was no associated nausea, 
vomiting, or constipation. The patient denied any previous similar attacks. 

Positive findings on examination were limited to the abdomen. The abdomen 
was normal in contour. There was moderate tenderness and muscle spasm in the 
right lower quadrant most marked just lateral to MecBurney’s point. Definite 
local and referred rebound tenderness to the area mentioned was present. Peristalsis 
was normal; rectal examination, negative; temperature, 99.4° F.; W.B.C., 12,700; 
and urine, negative. The preoperative diagnosis was acute appendicitis. 

The patient was operated upon and an acutely inflamed diverticulum was found 
on the posterior wall of the cecum. The diverticulum was excised and the defect 
closed. In addition, a normal appendix was removed. The McBurney wound was 
closed without drainage and the patient made an uneventful recovery. Pathologic 
studies revealed an acute inflammatory reaction in the wall of the diverticulum. 
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He was seen one month later and was free of symptoms. A follow-up barium 
enema revealed a normal colon. 


Case 5.—M. D., a white woman, 66 years of age, was admitted to the hospital 
on July 12, 1940, complaining of abdominal pain. Twenty-four hours before admis- 
sion the patient developed a cramping right lower quadrant pain which persisted 
and gradually increased in severity. There was associated anorexia but no nausea 
or vomiting. The day of the onset the patient noted constipation and she had 
no bowel movement the day of admission. She had had a similar attack three years 
before. 

Examination revealed a blood pressure of 160/9). There were oceasional coarse 
rhonchi throughout the lung fields. The abdomen was obese and there was diffuse 
tenderness and muscle spasm in the right lower quadrant. No mass was palpable 
and there was no rebound tenderness. Pelvic and rectal examinationes revealed no 
masses or tenderness. Temperature was 100.0° F.; W.B.C., 9,500; urine showed 1+ 
albumin. The preoperative diagnosis was acute appendicitis. 


The patient was explored through a McBurney incision and the cecum was found 
involved in an inflamed mass of omentum and fibrinous adhesions. A pericecal 
abscess was found which was drained with cigarette drains and the wound was 
closed loosely. The appendix appeared normal and thus was not disturbed. 

The patient had a stormy postoperative course, developing cardiac asthma and 
pneumonia, In spite of all supportive therapy she died on the fourteenth post- 
operative day. 

An autopsy was obtained, which revealed the inflammatory process in the diver- 
ticulum and surrounding cecum to have subsided completely. The death was 
attributed to a bilateral pneumonia and cardiac failure. 


CasE 6.—W. H., a white man, aged 47 years, was admitted to the hospital on 
April 4, 1941, with a complaint of abdominal pain. Twenty-eight hours before ad- 
mission he noted for the first time a generalized abdominal pain in both lower 
quadrants which became localized to the right lower quadrant eight hours before 
admission. He complained of no nausea or vomiting and his bowels had moved 
normally. The patient denied any previous similar attacks. 

The positive findings on examination were limited to the abdomen, which was 
normal in contour. There was moderate tenderness and slight muscle spasm in the 
right lower quadrant, fairly well localized to MeBurney’s region. There was also 
local and referred rebound tenderness to that region. No mass was palpable 
and peristalsis was active. Rectal examination was negative; temperature, 99.0° F.; 
W.B.C., 12,700; and urine negative. The preoperative diagnosis was acute ap- 
pendicitis. 

The patient was operated upon through a McBurney incision and an acutely in- 
flamed diverticulum was found on the lateral wall of the cecum. A normal appendix 
was found which was removed. The diverticulum was left undisturbed and the 
McBurney incision was closed without drainage. The patient’s postoperative course 
was uneventful and he was discharged from the hospital free of symptoms and in 
good condition. A follow-up barium enema was not done. 


COMMENT 


Concerning the treatment of acute cecal diverticulitis it is obvious 
that a resection and anastomosis is an unnecessary radical procedure 
which is done as a result of a mistake in diagnosis at the operating table. 
One must admit that recognition of the condition is often very difficult 
but there are several definite aids in making the diagnosis. 
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The majority of the cases occur in patients under the age of 40 and 
give a fairly characteristic history which closely simulates the history 
of acute appendicitis. One-third of the patients have had previous 
attacks. In those cases which have developed large inflammatory masses 
palpation of the cecal wall adjacent to the mass through the opposing 
wall frequently reveals the mouth of the diverticulum which establishes 
the diagnosis. In many of the cases the reaction is not so extensive and 
the acutely inflamed diverticulum is easily recognized. However, even 
in the simple acutely inflamed diverticula there is usually an associated 
indurated inflammatory reaction in the adjacent cecal wall. This makes 
the excision of these lesions difficult and the closure of the defect very 
difficult and usually insecure. The technical difficulty encountered in 
removing these lesions and obtaining a secure closure together with the 
definite tendency for them to drain into the bowel and subside makes us 
feel that surgical removal either by the radical procedure or by local 
excision is definitely contraindicated in most eases. 


CONCLUSIONS 


1. Acute diverticulitis of the eeeum is a condition which cannot be 
differentiated clinically from acute appendicitis and as a result must 
oceasionally be coped with when operating for acute appendicitis. 

2. In the majority of cases, symptoms developed in the patients, 
under 40 years of age. 

3. Diverticula of the cecum are characteristically solitary diverticula 
and are of the true type. 

4. When acutely inflamed they show varying degrees of reaction from 
a simple acutely inflamed cecal out-pouching to the development of a 
large indurated inflammatory cecal and pericecal mass. 

5. Acute diverticulitis of the cecum should be considered in any pa- 
tient with acute right lower quadrant symptoms and signs, who pre- 
viously has had an appendectomy. 

6. If a clinical diagnosis of the condition ean be made conservative, 
treatment along with chemotherapy should be instituted. 

7. A radical excision of the mass by resection and anastomosis is 
definitely not indicated. A local excision and closure of the defect 
in most eases is probably not advisable. Except in those cases which 
have developed an abscess and in which drainage is indicated, the abdo- 
men should be closed without doing an appendectomy and without drain- 
age, and chemotherapy should be instituted. This is particularly true 
when an open mouth to the diverticulum ean be palpated. 
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SYNOVIAL SARCOMA WITH REPORT OF TWO CASES 


JosePpH A. Lazarus, M.D., AND Morris S. Marks, M.D. 
New York, N. Y. 


HISTORICAL 


HE subject of synovial sarcoma abounds in discrepancies and 
presents a great deal of confusion, particularly when reviewing the 
literature pertaining to this group of tumors. For example, in reading 
the bibliographies accompanying monographs dealing with synovial 
sarcomas, one is struck with the varying histologic standards employed 
in tabulating the reported cases. As far back as 1894, Salter and Hardie 
reported a case of primary sarcoma of the synovial membrane of the 
knee joint in a 25-year-old male patient, and designated the tumor a 
spindle-cell sarcoma. Yet, this case is rarely referred to in the more 
recent bibliographies dealing with this subject. The same holds true 
in the case of Lockwood reported in the Transactions of the London 
Surgical Society in 1902 under the histologic diagnosis of spindle-cell 
sarcoma, and the one by Turner in the same year which was designated 
mixed-cell sarcoma involving the synovial membrane of the ankle joint. 
As one commences a review of this group of malignant tumors in- 
volving the extremities, one is at first startled to learn what an ex- 
ceedingly small percentage of cases it comprises. Yet, a more careful 
study of the literature leads one to suspect that the paucity of available 
case reports is more apparent than real. 

To explain this discrepancy, one must remember that synovial mem- 
branes of joints, bursae and tendons consist of a lining stratum com- 
posed of specialized connective tissue cells and an underlying layer 
of fibrocytes. It is quite possible that the variation in histologic features 
presented may, in a great measure, be due to the point of origin of the 
tumor in the synovial membrane. Thus, a tumor arising directly from 
the lining stratum will present the characteristic features of clefts lined 
with characteristic polyhedral cells, which have been so ably deseribed by 
Knox, Berger, and DeSanto and associates. On the other hand, a tumor 
arising from the deep fibrocytie layer will probably present spindle 
eell characteristics, thereby accounting for the designation of spindle- 
cell sarcoma of synovial membrane. Another possible explanation of the 
divergence of designations attributed to these tumors as a result of 
varying histologic features may be that, as a result of metaplastic 
changes occurring in the tumor cells by virtue of their location in 
joints, bursae and tendon sheaths, the cells may take on forms some- 
what different from those originally presented, and thus give rise to 
the variation in nomenclature. Whatever the case may be, it appears 
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that the disease is far more prevalent than one is led to believe by 
a casual survey of the existing literature. 

The earliest reported case of synovial sarcoma, according to Knox, 
was that of v. Ruediger Rydygier in 1906, which concerned a tumor 
involving the knee joint in a 20-year-old girl. A personal survey of the 
literature, however, disclosed the fact that as far back as 1894, Salter 
and Hardie reported a case of spindle-cell sarcoma of the synovial 
membrane of the left knee joint in a 25-year-old male patient. Ante- 
dating the report of Rydygier by four years are two case reports, one 
by Lockwood, which he designated spindle-cell sarcoma, involving 
the synovia of the right knee, and the other by Turner called mixed- 
cell sarcoma of the synovia of the ankle joint. In 1910, Lejars and 
Rubens-Duval presented the first real compilation of cases of synovial 
tumors. Because of the perivascular grouping of cells, Faceini, in 
1923, reported a case and employed the term sarcomatous perithelioma 
to describe the tumor. The designation synovioma was given te this 
group of tumors by Smith, in 1927. 

In 1931, Dietz reviewed the literature which comprised ten cases, and 
added one of his own. The first reported case of synovial sarcoma to 
appear in the American literature was one reported by Wagner in 
1930. 

A comprehensive treatise dealing with pathologic entities involving 
the joints was presented by Sabrazes and his associates in 1932, in 
which the subject of synovial sarcoma was thoroughly and adequately 
discussed. In 1936, Knox reviewed the literature and added three cases 
of her own. Her discussion of the histopathology of the disease was 
instrumental in placing this group of tumors upon a sounder and 
firmer pathologie basis than heretofore. 

Coley and Pierson, in 1937, reported a group of fifteen cases of 
synovioma collected from the records of the Memorial Hospital. One 
year later, Berger reported five additional cases and critically analyzed 
the existing literature and pointed out that several of the cases reported 
as synovial sarcomas such as those of Ruediger Rydygier, Hannemuller, 
the third case reported by Knox, the cases of Faccini, Tavernier, Hodg- 
son and Bishop, and Fievez were really doubtful in that they failed 
to meet his critical requirements. 


ETIOLOGY 


Out of a total of 76 collected cases, including the two here reported, 
a history of trauma was definitely present in 19, an incidence of 25 
per cent, too small to signify a causal relationship. DeSanto and as- 
sociates believe that a large number of these tumors occur in and 
around the knee joint, thereby suggesting a possible relationship be- 
tween chronic bursitis and synovitis and synovial sarcoma. The in- 
cidence of tumors involving the knee joint and its surroundings as 
tabulated in this series is 48.7 per cent. 
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Sex plays an insignificant role in this disease. There were 42 cases 
among men as against 33 in women. In one instance the sex was not 
mentioned. 

Of the 74 cases where the age was mentioned, 46 patients were be- 
tween 20 and 40 years of age, an incidence of 62.1 per cent. Beyond 
40 there were 21 patients (28.4 per cent), and 7 patients were under 
20 (9.5 per cent). The oldest reported case was that of a woman 
75 years of age, while the youngest was an infant 9 months old. The 
average age incidence in the entire group was slightly over 33 years, 
which is distinctly less than one sees in the group of sarcomas involving 
fascia and bone. 

The most recent monograph fully dealing with this subject was 
by DeSanto and his associates, in 1941, in which 16 personally observed 
cases were reported. Snyder reported a case of synovioma of the knee 
joint in a woman, in 1942, and Briggs presented 9 additional cases in 
1942. 

PATHOLOGY 


Synovial sarcomas originate primarily in synovial tissue, and for 
this reason are found in joints, bursae and tendon sheaths. In view 
of the fact that the synovial lining of bursae situated around joints 
is frequently in direct communication with the synovia lining the 
adjacent part, it is at times impossible to state with certainty whether 
a synovial sarcoma situated in the vicinity of a joint has had its 


origin within the joint or in the bursa adjoining the joint, making 
tabulation on the question of location somewhat uncertain. 

Synovial tumors may be classified as circumscribed, diffuse, and en- 
eapsulated. Cirecumscribed tumors are frequently found in tendon 
sheaths and bursae. The diffuse variety usually occurs in and around 
the knee joint and involves the popliteal space and the region above the 
patella. Encapsulated tumors are usually situated within para-articu- 
lar bursae. 

In general, it may be stated that on gross appearance these tumors 
are soft and myxomatous, although it is not unusual to find some which 
are firm and tough. Areas of brownish pigmentation scattered through- 
out the growth, due to the presence of old blood, are frequently seen. 
One may also find islands of calcification, bone, and cartilage within 
tumors. 

HISTOPATHOLOGY 


The histologic identification of synovial sarcomas is far more difficult 
than the recognition of other types of sarcomas, and to be conclusive, 
multiple sections are frequently required. <A characteristic feature 
of such tumors is the presence of spaces or clefts which occasionally 
contain mucin or blood. The clefts are lined by strands of tissue com- 
posed of polyhedral or cuboidal cells often resembling pavement epi- 
thelium, Interspersed among these cells one sees areas composed of 
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closely packed flat and spindle-shaped cells. Both types of cells 
usually show mitotic figures. The histiocytic features of these tumors 
are manifested in a variety of characteristic manners. The cells may 
have large single round or ovoid nuclei and heavy reticulated cyto- 
plasm arranged in strands with little or no evidence of clefts. On 
the other hand, the cells may be multinucleated, giving the impres- 
sion of giant-cell sarcomas. Because of the presence of large xanthoma 
cells in some synovial sarcomas, these tumors may be mistaken for 
benign giant-cell xanthomas. Unless specimens are taken from various 
parts of the growth, a section may be obtained with cellular archi- 
tecture indistinguishable from neuro- or fibrosarcoma. The presence 
of calcium, bone, and cartilage has been reported in synovial sarcomas. 
Knox points out that one of the characteristic features of this type 
of tumor is the presence of swollen cells which result from mucoid 
degeneration. True mucus has never been found in these tumors. 


SYMPTOMATOLOGY 


Pain was present in 40 of the 76 reported cases, an incidence of 
52.6 per cent. It was a prominent symptom in cases where the tumor 
involved the knee joint, but was either absent or insignificant in the 
encapsulated or circumscribed variety. 

A tumor was noted in 71 of the 76 cases (93.4 per cent), and was 
present for an average duration of 30 months. Where the tumor 
occupied a superficial position as the cubital fossa, olecranon region, 
or wrist, it was discovered early, while tumors within the confines of 
the knee joint, or deeply imbedded in the popliteal space, escaped de- 
tection until well advanced. The average duration of symptoms was 
36 months, ranging from 1 month up to 10 years. 

A survey of the 76 collected cases, including the two about to be 
reported, reveals the fact that the tumor involved the knee joint, in- 
cluding the popliteal space, in 37 patients (48.7 per cent). The elbow 
joint, including the antecubital fossa, was involved in 8 instances 
(10.5 per cent), the ankle joint in 7 (9.2 per cent), the foot in 6 
(8 per cent), the thigh in 5 (6.6 per cent), and the palm of the hand 
3 times (4 per cent). The wrist joint was involved twice (2.6 per cent) 
as were the fingers also. The space above Poupart’s ligament, axilla, 
forearm tendon sheath, flexor brevis tendon, dorsum of hand and toe 
were each involved once (1.3 per cent). 


PROGNOSIS 


For general purposes it may be stated that all synovial sarcomas 
are malignant to a greater or lesser degree. Those tumors presenting 
a greater number of multinucleated giant cells are believed to possess 
less malignant tendencies, yet out of 4 such cases described by DeSanto 
and his co-workers, 2 promptly recurred after extirpation. One of 
these has been reported well after 3 years, following 2 local resections. 
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The most malignant type consists of tumors characterized by closely 
approximated cells presenting oval or round nuclei. Such tumors, fol- 
lowing removal, quickly metastasize to the lungs and bones. Tumors 
presenting well-defined clefts and cells resembling most the character- 
istics of synovial cells occupy a position between the two extremes 
above noted. Knox estimated:the interval between the time the pa- 
tients were first observed and the time of their terminal illness as 
varying between 7 months and 714 years. 

A survey of the reported cases shows that in the majority of in- 
stances, treatment was promptly followed by recurrence and metastases 
(56.6 per cent). In 13 eases reported by DeSanto and associates, in 
which local excision was carried out, prompt recurrence took place in 
10 of them within 9 months, one patient developed axillary metastases, 
and the remaining 2 were reported well after 9 and 14 months, re- 
spectively. 

These same authors reported 7 cases treated by delayed amputation, 
of which 6 sarcomas were in the knee joint and 1 in the flexor tendon 
of the ring finger. Only 2 patients, of this group survived, 1 being 
alive after 22 months, and the other after 1 year. 

They recommend wide local excision for the encapsulated and ac- 
cessible tumors, reserving radical amputation for those tumors which, 
on histologic study, show a high degree of malignancy, and in cases 
where local recurrence follows resection. Radical amputation is im- 


mediately indicated in all diffuse and inaccessible tumors. Deep roent- 
gen therapy may be of some use as an adjuvant to surgery. 


CASE REPORTS 


Case 1.—B. M., aged 30 years, a porter and single, was first seen by us on Oct. 
5, 1940, complaining of a small swelling on the palm of the right hand of three 
years’ duration. The family and past histories were negative. He had never had 
a venereal disease. On close questioning, he thought that he might have traumatized 
his hand in carrying luggage. Nine months previously a physician had incised this 
swelling. There was no loss of weight, nor any other symptoms, save for a tend- 
ency to tire easily on exertion. The wound did not feel tender, nor give rise to pain. 

Physical examination, save for the lesion on the palm of the right hand, was 
essentially negative. Examination of the right palm disclosed a deep linear wound 
along the thenar palmar fold, in the proximal end of which there was a shallow 
opening with a necrotic base which bled easily on palpation. A probe could not 
be introduced into the deep tissues. Lymphadenopathy was absent at this time. 

Roentgenologic examination of the lungs revealed no evidence of metastases. 
Hemoglobin was 89 per cent. 

Superficial x-ray exposures to the right palm were given during the next 3 
months. In spite of local dressings with sulfanilamide powder alternating with 
urea crystals, improvement was not noted. At this time examination disclosed a 
palpable epitrochlear node in the right arm. ‘The local lesion could best be de- 
scribed as a deep jagged wound extending into the thenar crease of the right palm 
with a necrotic grayish base. Biopsy revealed the presence of synovial sarcoma. 

On Feb. 14, 1941, extirpation of the growth was carried out under cyclopropane 
anesthesia. 
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Pathologic Report (Dr. Arthur Schifrin).—The specimen consists of several frag- 
ments of tissue removed from different parts of the palm, received fixed in formalin. 


Microscopic: (1) Sections from deep palmar fascia area: The fragments are in- 
filtrated by tumor tissue. In some areas the latter form the lining of small cleft- 
like spaces. This lining is of irregular thickness and in some sites forms small 
moundlike eminences which project into the lumina of the cleftlike spaces. The 
cells vary in size and shape. Those closest to the lumen are often larger, more 
polygonal, and with better defined cell outlines. Their cytoplasm is pale and 
nuclei are of moderate size, elliptical or round. Some of the nuclei are larger and 
somewhat lobulated, while others show atypism. Rare ones show mitoses. These 
cell layers are intermingled with and in continuity with cells which are more numer- 
ous in the deeper portions and are definitely smaller, flatter, more spindle shaped, 
and more closely knitted together. They fuse with the subjacent collagenous con- 
nective tissue so that no basement membrane to this entire lining layer can be 
demonstrated. Scattered and dense collections of round cells are present in the 
deeper and adjacent portions. The tumor infiltration extends into adjacent fibrous 
and fatty tissue. 


Fig. 1 (Case 1).—A, Low-power view showing cleftlike space, lined by imbricated 
epithelial-like cells. B, High-power view showing polygonal, globoid, and pale cells 
in continuity with spindle-shaped cells; several mitoses and atypical nuclei are seen. 


(2) Sections were also taken from nerves, lumbrical muscles, and skin at the 
resected edge of the operative area. No infiltration was present. Sections taken 
through the main mass leading down to the deep palmar fascia area showed cleft- 
like spaces lined by polygonal epithelial-like cells as already described. The skin 
adjacent to the mass showed tumor infiltration. 

Diagnosis: The diagnosis was synovial sarcoma showing infiltration of subcutane- 
ous tissue, fibrous tissue, and fat. The nerve and deeper muscle tissues are not 
infiltrated. 


Radical amputation was refused. Up to the present there has been no recur- 
rence, and the patient is apparently well. 


296 SURGERY 


CASE 2.—A. M., a 47-year-old married woman, an artist, was first seen on April 
11, 1940, complaining of a painless swelling of the right knee of 10 days’ duration, 
swelling of the ankles, and occasional swelling of the eyelids. There was no his- 
tory of trauma. 

Physical examination was essentially negative. No abnormality was noted 
around the knee joint. 

She was again seen on Oct. 7, 1940, complaining of puffiness around both knees, 
more marked around the right. At this time examination disclosed a fluctuant 
swelling on the inner aspect of the right knee which was aspirated, yielding about 
30 ¢.e. of bloodstained fluid. Specimens of the fluid were sent to the laboratory 
for culture and for microscopic examination of centrifuged sediment for cells. 
These were reported negative. From that time to Dec. 12, 1940, aspirations were 
carried out on several occasions, and amounts of fluid varying from 9 to 50 e.c. 
were removed. X-ray taken on Dec. 19, 1940, failed to show any involvement of 
bone. On Jan. 13, 1941, 95 ¢.c. of fluid were aspirated from the right knee, and 
2 c.c. of quinine and urethane were injected, and after 5 injections at weekly in- 
tervals, the knee appeared normal. Following an examination on April 3, 1941, 
the patient went on vacation and returned November 15, complaining of swelling 
and soreness around the right knee. X-ray examination at this time revealed a 
fusiform elastic swelling arising from the soft parts of the inner aspect of the 
right knee above the inner condyle of the femur. 


Fig. 2 (Case 2).—A, Low-power view showing cleftlike space lined by a _ broad 
zone of cellular tissue whose outermost layer contains epithelial-like, pale, polygonal, 
and globular imbricated cells. B, Higher power showing nests of solid syncytial and 
polygonal cells with regular and atvpical nuclei; mitoses are present. 


Operation was performed Dec. 11, 1941. Situated beneath the lower fibers of 
the vastus internus muscle of the thigh, just below the inner aspect of the knee, 
there was a tumor about the size of a small peach, containing considerable old 
blood and necrotic tissue. This very closely resembled necrotic papillomatous tissue 
so frequeutly found in cases of papillary carcinoma of the bladder. The capsule 
of the tumor was thickened and adherent to the muscle fibers of the vastus in- 


ternus. 
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Radical local excision of this mass was carried out and the wound healed by 
primary union in 6 days. Three weeks later another and wider dissection was car- 
ried out at the Memorial Hospital, followed by deep x-ray treatments. The patient 
refused amputation. At present she is confined to the hospital with diffuse metas- 
tases to the abdomen and lymph nodes. 

Pathologic Report (Dr. Arthur Schifrin) .— 

Macroscopic.—The specimen consists of numerous fragments of tissue. Many 
portions consist of fibrotic friable tissue. Several broad fragments show a de- 
limiting outer fibrotic wall with no penetration by its contents. The internal sur- 
face of these fragments is irregular, rough, shaggy, and friable, and contains 
papillary elevations of hemorrhagic material which in some places is canary yellow 
and in other places brownish in color. 

Microscopie: The wall of the main lumen is irregular and numerous irregular 
polypoid elevations project from it. These elevations consist of tumor tissue in- 
filtrating the wall. The tumor tissue includes very cellular areas which contain 
large cells varying from polygonal cells to cells with large protoplasmic processes 
and syncytial cytoplasm. The nuclei vary from regular large vesicular nuclei con- 
taining distinct nucleoli, to small dark and dense, and often large irregular, bizarre 
atypical nuclei. Multinucleated cells are present and both regular and irregular 
types of mitoses are present. 

Where the tumor tissue borders a lumen or a cleft, the outermost zone shows a 
multicellular layer of paler, more succulent cells having a membranous-like appear- 
ance. This is in direet continuity with subjacent cells which have a more fibro- 
blastic appearance. Within the cellular areas there are areas of necrosis, inter- 
stitial hemorrhage, numerous xanthoma cells, and hemosiderin laden cells. The 
cytoplasm of the membranous-like portion varies from eosinophylie and granular to 
pale and clear. 

At one site a blood vessel within the capsule shows subintimal tumor-cell infiltra- 
tion. Where the tissue is quite cellular there are lumina which are possibly arte- 
facts, but there are definite cleftlike lumina which are obviously not artefacts. 

Diagnosis: Synovial sarcoma with marked infiltration of the bursal wall. 


SUMMARY AND CONCLUSIONS 


Synovial sarcoma is a highly malignant tumor arising from synovial 
membranes of joints, bursae and tendon sheaths. The paucity of case 
reports of tumors of this type is more apparent than real because of the 
variance in designations under which they have been recorded. This 
discrepancy in designation is due to the variation in histologic archi- 
tecture of the tumor, depending upon the site or origin of the tumor 
from the various layers of the synovial membrane. Thus, a tumor 
originating from the lining stratum of the synovial membrane will 
present certain characteristic features, while one arising from the 
deep fibrocytic layer will present features closely simulating the 
ordinary spindle-cell sarcoma. Furthermore, variations in nomenclature 
may also occur as a result of metaplastic changes occurring in the 
tumor cells by virtue of their location. Although some tumors are 
firm and tough, the majority are soft and myxomatous. A characteristic 
feature of synovial sarcoma is the presence of clefts lined by strands 
of polyhedral or cuboidal cells resembling pavement epithelium. Areas 
composed of elosely packed, flat or spindle-shaped cells are often in- 
terspersed among these strands of cuboidal cells. Large xanthoma 
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cells are occasionally seen, which may lead to the erroneous diagnosis 
of benign giant-cell xanthoma. According to Knox, one of the charac- 
teristic features of this type of tumor is the presence of swollen cells 
which result from mucoid degeneration, although mucus has never 
been found in these tumors. 

A careful review of the literature discloses the presence of 76 recorded 
cases, including two of ours which are presented here. Of this number, 
there was a history of trauma in 19 (25 per cent). Forty-six of the 
76 patients were between the ages of 20 and 40 (62.1 per cent). Pain 
was present in 52.6 per cent of patients, but when the tumor involved 
the knee joint it was a prominent symptom. A tumor was noted in 
93.4 per cent of cases and was present for an average duration of 30 
months. The average duration of symptoms was 36 months. The knee 
joint was involved in 48.7 per cent of cases, the elbow in 10.5 per cent, 
and the ankle in 9.2 per cent, while the palm of the hand was involved 
in only 4 per cent of the cases. 

The prognosis is poor. The least malignant tumors are supposedly 
those containing a greater number of multinucleated cells, while those 
characterized by closely approximated cells presenting oval or round 
nuclei display the highest degree of malignancy. Tumors presenting 
well-defined clefts and cells resembling most the characteristics of 
synovial cells occupy a position between these two extremes. 

A survey of the reported cases shows that in 56.6 per cent prompt 
recurrence and metastases followed treatment. According to Knox, 
the interval between the time of onset of symptoms to the time of the 
terminal illness varied between 7 months and 714 years. In our 
tabulated series of 76 cases, there were follow-ups on 64 patients, and of 
this number, 10 (16 per cent) were found to be living 5 years or more, 
while 9 (14 per cent) were alive between 3 and 5 years. Hight patients 
(13 per cent) succumbed between the first and third years, and 15 
(24 per cent) died within the first year. Twenty-one persons (33 per 
cent) were reported well without further comment. 

Local wide excision is advocated for the encapsulated and accessible 
tumors. Radical amputation is reserved for tumors showing, on his- 
tologic examination, a high grade of malignancy, or where local re- 
currence followed extirpation, and also in inaccessible tumors. Irra- 
diation is advocated only as an adjuvant to surgical intervention. 

Two cases of synovial sarcoma are here presented, one involving the 
palm of the hand, and the other the knee joint. 
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METASTATIC BRAIN ABSCESS 


CoMPLICATING INCONSPICUOUS PULMONARY SUPPURATION IN THE 
PRESENCE OF CHRONIC NONTUBERCULOUS EMPYEMA 


Rosert W. Buxton, M.D., M. L. Wurre, Jr., M.D. 
ANN Arpor, Micu. 
(From the Department of Surgery, University of Michigan) 


URING the vears 1934 to 1941, inclusive, 3438 cases of nontuberculous 
empyema have been treated in the University of Michigan Hospital. 
Of these, 132 were considered chronic. All cases classified as chronic had 
a known duration of three months or longer. Six of these cases of 
chronic empyema were complicated by metastatic brain abscesses, an 
incidence of 4.5 per cent. The diagnosis in each case was confirmed by 
post-mortem examination. The review of these cases was stimulated by 
the recent, unexpected death of two patients having chronic empyema, 
occurring within a three-day period. The cause of death in both patients 
"was a metastatic brain abscess. 

This study was begun solely as a review of the cases of chronie non- 
tuberculous empyemas complicated by metastatic cerebral abscesses. A 
careful study of the post-mortem findings in each revealed that five of 
the six cases reported harbored a variety of pulmonary lesions beneath 
the empyema space, each of which was a probable source of septic emboli. 
In only one case was the pulmonary tissue underlying the pleural space 
free of suppuration. The significance of these findings became evident 
when it was found that in four cases no residual empyema space existed 
at the time of death. 

Such metastatic cerebral abscesses follow the occlusion of cerebral 
vessels by an infected embolus, arising at the site of intrathoracic sup- 
puration and circulating freely in the blood stream (Eagleton). The 
course of the embolus, from its point of origin to its terminal lodging, has 
occasioned various theories. Virechow, in 1853, postulated an origin in 
a small tributary of one of the pulmonary veins, the particle being then 
transported through the pulmonary veins, the left heart, and the carotid 
artery and deposited in a terminal radical of a cerebral artery. Hagle- 
ton,® however, believes that the pathway of the emboli from the chest to 
the brain is entirely venous and asserts that the rapidity of arterial flow 
tends to prevent lodgment of an embolus in the arterial circulation. His 
premise that the emboli pass entirely through veins gains some confirma- 
tion in the work of Batson* who has demonstrated connections between 
the intercostal and azygos veins, the paravertebral venous plexus and 
the cerebral veins. Because of the low pressure within this system and 
the absence of valves, reversal of flow readily occurs with inerease in 
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intrathoracic pressure, as in coughing or straining. At least two possible 
routes are thus open for an infected embolus freed from its empyema 
source to gain entrance into a cerebral vessel. 


CASE REPORTS 


Case 1.—J. G. (No. 368464) was a white man, aged 43 years. The patient was 
admitted to the Univerity of Michigan Hospital on Sept. 6, 1935, complaining of a 
productive cough and pain in the right lower chest. The previous history related 
the onset of acute mid-abdominal pain in 1928, following drainage of a right sub- 
diaphragmatic abscess, in another hospital. A series of bronchoscopic aspirations, 
before admission to the University Hospital, had given no relief of his presenting 
pulmonary symptoms. 

On admission the sear at the site of the previous subdiaphragmatic drainage ap- 
peared well healed. The temperature was 99.5° F. The patient was not acutely ill. 
Roentgenograms revealed a chronic pneumonitis at the right base with an obliterative 
pleuritis. After lipiodol bronchograms had been made, a small saccular area, thought 
to be a small pleural abscess, was noted at the extreme anterior axillary segment 
of the middle lobe. Thoracentesis revealed pus containing Streptococcus viridans. 
A rib resection was done on September 15, and an empyema cavity was entered. 
There was a communication with a small subdiaphragmatic abscess, and a fistulous 
track entered a branch of the middle lobe bronchus. The postoperative course was 
essentially uneventful. Because of a smali, persistently draining sinus, a segment 
of osteomyelitic rib was removed on October 24. At the time of the patient’s dis- 
charge from the hospital on November 27, there was a draining sinus at the empyema 
drainage site which, upon probing, led inward for three inches toward the resected 
rib. The bronchopleural fistula had closed. 

On Jan. 12, 1936, the patient was readmitted because of persistent drainage, ap- 
parently due to further osteomyelitic involvement of the sixth rib. Roentgenograms 
showed an osteomyelitis and an extensive pleuritis at the right base. Further resection 
of the involved rib was done on January 15, at which time the bronchopleural fistula 
was again demonstrated. Again the patient’s course was uneventful until, on 
February 13, there was a sudden loss of consciousness with difficult respiration. The 
attack lasted about one hour. The blood pressure during this period was 90/60. 
There were no convulsions and no localizing signs during the attack. During the 
following two days the patient complained of a frontal headache and there was some 
drowsiness. On February 19, the drowsiness became more marked and the patient 
became disoriented. At no time were convulsions noted. Neurologic examination 
revealed slight fullness of the retinal veins without papilledema. The reflexes, both 
deep and superficial, were normal. Because of the absence of definite localizing 
signs, craniotomy was not done. The patient died on February 21. 

Post-mortem examination revealed a frontal lobe abscess measuring 7 cm. in 
diameter. Grossly, the adjacent white matter was yellowish green in color and very 
hyperemic. Microscopically, the brain tissue forming the wall of the abscess was 
extensively destroyed and was undergoing liquefaction necrosis. There was an 
associated leptomeningitis at the base of the brain, and particularly in the cisterna 
magna. The pleural space on the right was obliterated by dense adhesions except 
at the site of the bronchopleurocutaneous fistula. The underlying pulmonary tissue 
disclosed a chronic fibroid pneumonia with a chronic purulent bronchitis and 
bronchiectasis. 


Case 2.—G. W. (No. 402288) was a white man, aged 33 years. The patient was 
admitted to the University Hospital in coma on May 14, 1937. A scanty history, 
obtained from his relatives, revealed that an empyema had been drained six years 
previously. The wound had healed but had required three or four subsequent drain- 
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ages, each presumably inadequate. There was relief of symptoms after each drainage 
for a short period of time. 

The patient had been in ill health for six weeks prior to admission. Five days be- 
fore admission he became irrational and in the interim before admission there had 
been two generalized convulsions. The temperature was 97° F.; the patient was 
obviously moribund. There was questionable rigidity of the neck. ‘The left thorax 
showed retraction and limited expansion with the physical signs of a considerable 
pleural effusion. The blood pressure was 130/64. A small draining sinus was noted 
in the left mid-axilla; above it, two healed sears were visible. The liver was 
enlarged. All reflexes were hyperactive and ankle clonus was sustained bilaterally. 
The patient died eight hours after admission. Roentgenograms were not obtained. 

Post-mortem examination revealed a right frontal lobe abscess measuring 4 by 4 
em. It was not walled off from the surrounding brain tissue. The abscess cavity 
contained heavy green pus under considerable pressure. There was a fibrinopurulent 
pachymeningitis in the region of the abscess. The chest showed a chronic undrained 
left empyema, the surrounding pleural wall of which was from 2 to 4 mm. in thick- 
ness. The empyema space contained bloodstained purulent material. The draining 
sinus in the seventh intercostal space entered a small cavity containing necrotic lung, 
but it did not communicate with the empyema. The underlying pulmonary tissue 
showed acute passive congestion and edema with a chronic pneumonitis near the 
hilum, 


CASE 3.—R. 8. (No. 414883) was a white man, aged 51 years. The patient was 
admitted to the University Hospital on December 15, 1937. He had been apparently 
well until October, 1936, when he developed a right ‘‘ pleural pneumonia,’’ with which 
he was in bed for three weeks. Following this he was somewhat improved, but con- 
tinued to have mild symptoms until May, 1937. At this time a right-sided empyema 
was diagnosed and drained. A drainage tube was left in place for a period of seven 
months and was removed shortly before admission. The sinus track drained 
intermittently after removal of the tube. He had recently complained of pain in 
the right chest, and had developed a cough productive of yellow sputum. Six days 
before admission there was a sudden onset of generalized tonic convulsions, mostly 
of the right side, which lasted for one-half hour. There was no loss of consciousness 
or incontinence. Two more attacks occurred during the evening of the same day 
and lasted from ten to fifteen minutes each. For the next four days the patient 
appeared normal. On the day before his admission, there was again loss of con- 
sciousness without muscle twitching or incontinence. Following recovery, the patient 
was drowsy and appeared to have a poor memory. His speech was thick and difficult 
to understand. On December 15, the day of admission, there were three more 
attacks, each lasting about thirty minutes, and without vomiting, headache, or incon- 
tinence. The temperature was 99.6° F. Examination revealed a complete aphasia and 
a slight right facial palsy. A complete flaccid paralysis of the right arm and leg 
was present. There were no signs of increased intracranial pressure. Roentgenograms 
showed an unresolved pneumonia with a small localized empyema. After admission 
there was increasing lethargy and a daily temperature elevation to 100° F. Craniot- 
omy was deferred in the hope that the suspected brain abscess would become walled 
off. Terminally the temperature rose to 103° I’. and the patient had marked dyspnea. 
He died on the fifth hospital day. 

At post-mortem examination a brain abscess, measuring 3 by 2.5 cm., occupied the 
left precentral area. The abscess had ruptured into the left lateral ventricle which 
contained thick, greenish-gray, foul pus. The path of extension showed very little 
reaction. In addition, a fibrinopurulent pachymeningitis and leptomeningitis were 
noted about the left cerebrum and the undersurface of the brain. The right pleural 
space was almost completely obliterated by dense adhesions below the third rib 
anteriorly and posteriorly. The pleurae measured 1 cm. in thickness. No free pus 
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was present. The subjacent lung showed a chronic fibroid pneumonia with organizing 
fibrin in the alveoli. There were multiple microscopic pulmonary abscesses through- 
out. The liver contained a chronic abscess cavity measuring 3 cm. in diameter. 


CasE 4.—B. F. (No. 420322) was a white boy, aged 4 years. The patient was 
admitted to the University Hospital on March 26, 1938. In August, 1937, he was 
seen by his physician because of a stiff neck, pain over the left trapezius muscle, and 
fever. These symptoms disappeared spontaneously. During the first part of March, 
1938, they reappeared, and in addition, a hot, tender swelling appeared over the 
trapezius. 

On admission, the temperature was 99.4° F. There was a 10 em., indurated, tender, 
poorly outlined mass over the left trapezius muscle. A left scoliosis was present. 
Dullness to percussion with diminished breath sounds and fremitus was noted at the 
left pulmonary apex posteriorly. Roentgenograms of the chest showed obscuration 
of the left apex, diminished aeration of the left lung, and increased soft tissue 
shadows in the left cervical and supraclavicular areas with included gas in the 
tissues. A diagnosis of empyema necessitatis was made, and thoracentesis posteriorly 
yielded thick, foul, yellow pus which contained Str. viridans, fusiform bacilli, and 
Spirochaetae. Drainage of the empyema through the fourth rib bed posteriorly 
was carried out on April 4, 1938. At operation the empyema cavity extended from the 
fourth rib to the apex of the thoracic dome. The postoperative course was unevent- 
ful until April 7, when the patient suddenly became unresponsive. No convulsions 
were noted. Examination at this time revealed left facial weakness, slight weakness 
of the left arm and leg, papilledema, a positive Kernig’s sign, and bilateral sustained 
ankle clonus with a positive Babinski sign. Lumbar puncture showed increased 
pressure and a clear fluid which contained thirty cells per cubic millimeter, lympho- 
cytes predominating. The clinical impression was a right cerebral abscess, probably 
metastatic. A craniotomy was performed on the same day by Dr. Carl F. List, dis- 
closing a nonencapsulated right frontal lobe abscess from which a Str. viridans was 
cultured. After sealing the meninges to the cortex with an electrocautery, the 
abscess was opened and packed. Sulfonamide therapy was started on the day of 
operation and was continued until death twenty-three days later. 

Post-mortem examination revealed a huge, drained brain abscess replacing the 
entire right frontal lobe, with extensive surrounding suppurative encephalitis. The 
purulent process had ruptured into the right lateral ventricle, from which there 
had been extension into the opposite lateral ventricle and the fourth ventricle. There 
was a small undrained abscess in the left parietal lobe. A diffuse purulent lepto- 
meningitis was present. Examination of the thorax showed an obliteration of the 
pleural space over the left apex with a 5 em. draining sinus posteriorly. No free 
pus was present. The underlying lung showed an acute purulent bronchitis and a few 
seattered areas of bronchial pneumonia in the right and left lower lobes. 


Case 5.—H. K. (No. 475011), a white man, aged 35 years, was admitted to the 
University Hospital on Feb. 3, 1941. He had been referred to the hospital with 
mild fever, chronic debility, and inadequate drainage of a postpneumonic empyema 
of three months’ duration. Roentgenograms on admission revealed an extensive 
pyopneumothorax extending from the diaphragm to the thoracic dome on the left 
side. There was a narrow sinus posteriorly which drained a small amount of thick 
pus. The sinus track was dilated and a drainage tube of adequate size inserted. 
Constant negative pressure was maintained in the empyema space by means of a 
suction apparatus. Re-expansion of the lung almost completely obliterated the 
empyema space in eight weeks’ time. The patient was discharged in good condition 
with a small tube in the chest wall. He was readmitted on May 9, 1941, with a 
story of good health until two and one-half weeks previously, when a fall while 
intoxicated resulted in a contusion of the left supra-orbital area. There was no loss 
of consciousness at the time. Vertigo, mild nausea, and recurrent right-sided convul- 
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sions had been present for a week prior to admission. Examination after admission 
revealed a right hemiplegia with some sensory changes. The small residual empyema 
was well drained. A craniotomy was performed by Dr. Carl F. List on the day 
following admission and an unencapsulated brain abscess in the left parasagittal 
area was drained. Str. viridans was cultured from the evacuated pus. The patient 
received 6 Gm. of sulfathiazole daily from the time of admission. The post- 
operative course was steadily downhill with increasing coma. Death occurred on 
May 23. 

At post-mortem examination a multiloculated, unencapsulated brain abscess was 
present in the left parietal area. There were four locules, each measuring at least 
2 cm. in diameter and all communicating with each other. There was a diffuse 
purulent leptomeningitis. No evidence of skull fracture was found. The left pleural 
space was obliterated by an adhesive pleuritis except for a small sinus track at the 
site of previous drainage; no free pus was present. The underlying pulmonary tissue 
showed extensive fibroid pneumonia, bronchiectasis, and a terminal, purulent, lobular 
pneumonia. Several small hemorrhagic infarets were noted. 


CasE 6.—E. O. (No. 481806), a white man, aged 31 years, was admitted to the 
University Hospital on May 22, 1941, with a two-day history of staggering gait 
and repeated left-sided convulsions. In February, 1941, he had had an attack of 
pneumonia complicated by a right empyema. Following drainage on three occasions 
he improved, but was still in poor general health, although not confined to bed. 
On admission, a small draining sinus was noted in the lower right posterior chest. 
There were physical signs of pleural fluid over the lower half of the right chest 
posteriorly. The patient was semi-stuperous and had weakness of the left side of the 
body. The sinus track in the right side of the chest was dilated and a larger tube 
was inserted, releasing several ounces of thick pus. By probing, the empyema cavity 
was found to extend to the thoracic dome. Neurosurgical consultation on admission 
suggested the diagnosis of metastatic brain abscess. Craniotomy by Dr. Ward W. 
Woods, May 26, revealed an abscess in the right parietal lobe and the abscess was 
drained through an exploring needle. Str. viridans was cultured from the pus. The 
patient received 6 Gm. of sulfanilamide daily from May 24, until his death on 
May 27. 

Post-mortem examination revealed an unencapsulated right parietal lobe abscess 
measuring 3 by 1 em. There was a diffuse purulent leptomeningitis over the right 
cerebrum. The empyema was dependently and adequately drained. The lung beneath 
the empyema showed a chronic fibroid pneumonia, bronchiectasis, and an acute 
purulent and hemorrhagic pneumonia, probably terminal. A thrombus containing 
many leucocytes was noted in a small pulmonary vein. 


DISCUSSION 


It has been stated by Evans! that it is the tendency of chronic em- 
pyemas to form a chronic type of brain abscess, which is generally sol- 
itary and almost invariably the only lesion indicative of pyemia. In 
none of our reported cases, however, was chronicity of the brain abscess 
a noteworthy factor. Four of our cases showed a duration of from five 
to ten days from the onset of symptoms to death. The patient with a 
brain abscess in Case 5 was operated upon eight days after onset; he 
died thirteen days after operation. In four of the cases the abscess was 
solitary ; in one, multilocular, and in one, multiple. 

The cause of death in most reported cases* was due to rapid extension 
of the abscess, with frequent rupture of the abscess into a ventricle. In 
our third and fourth cases, rupture occurred into the lateral ventricles. 
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In all the cases, a purulent meningitis was present. In none was true 
encapsulation present. Kahn? is of the opinion that metastatic abscesses, 
with the exception of those associated with a generalized pyemia, are 
caused by mixed organisms and do not tend to become encapsulated. In 
the cases reported in this series, anaerobie cultures of the evacuated pus 
were not obtained. Grant? states that the thorough walling off of a sub- 
cortical area of infection within the brain requires about four weeks from 
the onset of symptoms. In our six cases the duration of symptoms from 
onset to death ranged from five to twenty-three days. 

The ante-mortem diagnosis in each of our cases was a metastatic brain 
abscess whose site of origin was a chronic empyema. At post-mortem 
examination, however, the empyema cavity was found completely oblit- 
erated in four of the six cases; the pleurae were fused into a thick, 
heavily searred layer and only a sinus track in the thoracic wall re- 
mained. These findings suggest that pleural infection was quite unlikely 
as the source of the brain abscess, at least in these four patienis. Au- 
topsy did show that bronchiectasis was present in four of the six patients 
(Case 6 had, in addition, a thrombus in one of the small pulmonary 
veins) and that multiple, small microscopic pulmonary abscesses were 
present in the fifth ease (Case 3). Only in Case 4 was chronic intrapul- 
monary suppuration absent; empyema was, therefore, the most likely 
source of the emboli to the brain only in this patient. 

Hedblom”’ reports 310 cases of chronic empyema with one death from 
a metastatic brain abscess. This is the only published report of the in- 
eidence of this complication in a given number of cases of chronic 
empyema. The status of the lung beneath the empyema pocket was not 
described. 

The reported incidence of empyema in metastatic brain abscess has 
shown considerable variation in the reports of brain abscess associated 
with some form of intrathoracic suppuration. In none of the reported 
figures are the empyemas classified as either acute or chronic and no aec- 
count is given of the pulmonary tissue adjacent to the empyema space. 
Schorstein,’ in 1909, reported 19 cases of metastatic ,brain abscess from 
intrathoracic suppuration, of which three are said to! have resulted from 
empyema, an incidence of 15.7 per cent. In 1931, &vans' reported 22 
eases of brain abscess, five or 22.7 per cent occurring in the presence of 
empyema. In 1934, Cohen’ reported 19 cases, four of which also had 
empyema, an incidence of 21.0 per cent, while Nickerson,® in 1935, found 
only one empyema in 12 eases of brain abscess, an incidence of only 
8.3 per cent. The metastatic abscesses not reported as due to empyema 
were assumed to have arisen from either pulmonary abscess or bronchiec- 
tasis which was clinically present in the nonempyema cases. King,* in 
reviewing the reported cases of metastatic brain abscess from empyema 
or pulmonary suppuration in 1936, found only two patients living fol- 
lowing operation for brain abscess that had occurred in the presence of 
empyema. He assumed that the abscesses were well encapsulated in both 
cases, 
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In the above 72 collected cases with metastatic cerebral abscesses 
quoted from various authors, 82 per cent arose from intrinsic pulmonary 
suppuration and only 18 per cent, or 13 cases, were attributed te 
empyema. We are of the opinion that a high percentage of these 13 cases 
would have shown some degree of suppuration in the adjacent pulmonary 
tissue if this had been closely examined, and that if such pulmonary 
suppuration were present it was a more likely source of metastatie brain 
abseess than the empyema. 


SUMMARY 


1. During the years 1934 to 1941, inclusive, 343 cases of empyema have 
been admitted to the University of Michigan Hospital. Of this group, 
132 cases were considered chronic. Six of these patients with chronic 
empyema died of metastatic cerebral abscess, an incidence of 4.5 per cent. 

2. The six cases with their autopsy findings are reported in detail. Tn 
four of the cases the previous empyema space was obliterated. five of 
the six cases displayed varying degrees of chronic parenchymal pul- 
monary suppuration. This was considered a more probable source of 
emboli than the pleural infection. 

3. Adequate and dependent drainage of the empyema was established 
in four of the six cases after admission to the hospital. No definite 
correlation was noted between manipulation at the empyema drainage 
site and the onset of cerebral symptoms. 

4. In four of the reported cases the cerebral abscess was solitary; in 
one, multiple, and in one, multilocular. In none of the cases has en- 
capsulation of the abscess been present. All had a purulent meningitis 
and in two cases rupture of the abscess into the adjacent lateral ventricle 
oceurred. 

5. In three cases of brain abscess exploratory craniotomy was done; 
in two of the cases the abscess was drained surgically, while in one the 
abseess was evacuated through the exploring needle. Appropriate 
chemotherapy with one of the sulfonamide compounds was carried out 
in these three cases. 
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BLEEDING TIME IN MICE FOLLOWING THE ORAL 
ADMINISTRATION OF 3,3’-METHYLENE-BIS- 
(4-HYDROXYCOUMARIN) 


JosePH J. M.D.,* Margaret H. Lauicu, B.S., 
ALFRED L, CopLey, M.D.,t Kansas Ciry, Kansas 


(From the Hixon Laboratory for Medical Research, University of Kansas, 
School of Medicine) 


See and his associates’ showed that the hemorrhagic agent in 
spoiled sweetclover hay prolonged the prothrombin time in animals. 
Butt and co-workers? and Bingham and co-workers,’ following the ad- 
ministration of the hemorrhagic agent to human beings and dogs, ob- 
served prolongation of coagulation and prothrombin times. We found 
that excessive doses of heparin injected subeutaneously into mice pro- 
longed the coagulation time and in some eases the bleeding time.* There- 
fore, it was of interest to determine if the hemorrhagic agent identified 
by Stahmann, Huebner, and Link,® when administered orally to mice, 
would affect the bleeding time. The coagulation and prothrombin times 
were compared with the bleeding time to evaluate better the degree of 
bleeding tendency produced by this substance. 


METHODS 


Bleeding times were determined as previously described.* Coagulation 
times were done by the capillary method on blood from the tip of the 
mouse’s tail. 

Prothrombin times were performed on oxalated blood drawn from the 
mouse’s heart. No difficulty was encountered with this test. Values 
will check closely if the following procedure is adhered to for the amount 
of sodium oxalate used. A 1 ©. syringe with a 25 gauge needle was 
rinsed in distilled water. Sodium oxalate was drawn to the 0.2 ce. 
mark and then the syringe was emptied. The volume of sodium oxalate 
which remained in the needle was found to be 0.05 ¢.c. With this volume 
of sodium oxalate, 0.2 ¢.c. of blood was diluted and mixed in the syringe. 
Prothrombin time studies were done in duplicate tests on 0.1 ¢.c. of blood 
placed on dry glass spot plates. A mixture of 0.2 ¢.c. of equal parts of 
rabbit brain thromboplastin suspension and CaCl, solution was added. 
The prothrombin time was determined by probing the contents on the 
spot plate with a pointed glass rod. The salt solutions and the thrombo- 
plastin used in this study were prepared as described by Quick.* Rabbit 
brain thromboplastin, 100 mg., was suspended in 5 c.c. of 0.9 per cent 

*George A. Breon Fellow in Experimental Medicine. 


+Present address, Goldwater Memorial Hospital, Welfare Island, N. Y. 
Aided in part by a grant from the Dr. Herbert L. Celler Foundation, New York, 
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NaCl solution. The thromboplastin suspension was incubated for ten 
minutes at 50 to 55° C. with intermittent stirring. The supernatant 
fluid was decanted after standing ten minutes at room temperature and 
was mixed with an equal volume of CaCl, solution. 

3,3’-Methylene-bis- (4-hydroxycoumarin)* in 0.1 and 0.2 per cent con- 
centrations was suspended in 2 per cent acacia. This suspension was ad- 
ministered orally with a syringe and a blunt 18 gauge needle. The mice 
received from 10 to 100 mg. per kg. daily for three days and the tests 
were performed on the fourth day. After the tests were completed the 
animals were sacrificed and examined grossly for evidence of subeu- 
taneous hemorrhage. 

RESULTS 


The normal bleeding time varied from 27 to 222 seconds in this group 
of mice, which was in agreement with previous findings. Coagulation 
time with the capillary method ranged from 60 to 255 seconds with an 
average of 153.4 seconds. Prothrombin time in 62 duplicate tests was 
15 to 28 seconds with an average of 22.4 seconds. When the bleeding 
time and the coagulation time were longer than 300 seconds, the values 
were considered significantly prolonged. Prothrombin time longer than 
30 seconds was considered abnormal. 

Results on 10 mice which received 4.8 to 6.0 mg. of 3,3’-methylene-bis- 
(4-hydroxyeoumarin) orally per 20 Gm. of mouse weight within a period 
of 72 hours are tabulated in Table I. The results show normal variation 


TABLE I 


BLEEDING, COAGULATION, AND PROTHROMBIN TIME IN MICE BEFORE AND AFTER THE 
ORAL ADMINISTRATION OF 3,3’-METHYLENE-BIS- (4-HyDROXYCOUMARIN ) 
FOR THREE DAYS 


LA- PRO- COAGULA- PRO- 

MOUSE TIME PER 20.GM. TIME 

TIME BIN TIME TIME BIN TIME 
NUMBER (SEC- (WEIGHT (SEC- 
ONDS) (SEC- (SEC- IN MG.) ONDS ) (SEC- (SEC- 

ONDS ) ONDS ) ONDS) ONDS ) 


11 124 185 26 4.8 165 28 


130 4,8 

165 4.8 
60 4.8 
85 


195 


*Supplied kindly by Dr. J. F. Biehn, Abbott Laboratories, North Chicago, II. 
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in bleeding time, coagulation time, and prothrombin time, and the effect 
of the hemorrhagic agent on these tests. Mice 11 and 43 showed pro- 
longed bleeding time with normal coagulation time and prothrombin 
time. Usually, we found when one of the tests was normal, the re- 
maining two were also in the normal range as indicated by Mice 26 and 
37. However, mice were found in which the prothrombin time and the 
coagulation time were prolonged while bleeding time was normal (Mice 1 
and 2). Most frequently, however, when the bleeding time was pro- 
longed, the coagulation time and the prothrombin time were also in- 
creased (Mice 6, 31, 35, and 44). Table I shows that a marked disparity 
can oceur between duplicate bleeding time tests. In some animals a 
prolonged bleeding time was present with the first pricking (Mice 6 
and 35); in other instances, however, it was necessary to prick the 
mouse a second time to induce long bleeding (Mice 11, 31, 43, and 44). 


TABLE IT 


COMPARATIVE STUDIES OF DIFFERENT TESTS ON Mice WHICH RECEIVED 3,3’-METH- 
YLENE-BIs- (4-HyDROXYCOUMARIN) ORALLY FOR THREE DAYS 


MG./KG. 


DAILY 


RANGE OF 
BLEEDING 
TIME 
(SECONDS ) 


RANGE OF 
COAGULATION 
TIME 
(SECONDS ) 


RANGE OF 
PROTHROM- 
BIN TIME 
(SECONDS ) 


HEMATOMA 


POSI- 
TIVE 


NEGA- 
TIVE 


10 
20 


] 
2 
4 
5 
6 
7 
8 
9 
10 
1 
2 
4 


25-152 
29-127 
52-184 
> 900 
480-870 
195-285 
64 
60-232 
> 900 
420-480 
300 
63-154 
60-180 
38-110 
> 900 
420-660 
360 

113 
110-210 


45- 139 
70- 230 
44- 312 
417 
211* 


600-1590 
125- 256 
362- 458 
480-1500 
174- 301 

1200 

1860 
65- 180 


127->180 


149->180 
23- 32 
56-142 

> 180* 
30- 47 

> 180 
140 


22- 26 


*Done on one mouse because the remaining mice in the group died. 
D, Died. 
Longest bleeding time value was taken if there was a disparity between duplicate 


tests. 

Table II summarizes the effect of various doses of the hemorrhagic 
agent on the bleeding time, coagulation time, prothrombin time, and 
hematoma formation in 62 mice. Thirty-five mice which were treated 
with 10 to 100 mg. per kg. did not exhibit any changes in either the bleed- 
ing, coagulation, or the prothrombin times (Groups 1, 2, 3, 8, 13, and 19). 
Prolonged values in one or more tests occurred in the remaining 27 mice. 
Out of 48 mice which received from 60 to 100 mg. per kg., 15 mice had 
bleeding times longer than 300 seconds. Six mice given this treatment 
had bleeding times in excess of 900 seconds (Groups 4, 9, and 15). The 
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prothrombin time in these groups was in excess of three minutes. Two 
mice bled 300 and 360 seconds; they also had prolonged coagulation and 
prothrombin times (Groups 11 and 17). Three mice bled from 480 to 
870 seconds (Group 5); one mouse which was tested had a normal co- 
agulation time; the other two died soon after the bleeding time test, from 
blood loss. Two mice had prolonged bleeding time with normal coagula- 
tion and prothrombin times (Group 10). Two mice had prolonged bleed- 
ing time with normal coagulation time and slightly prolonged prothrom- 
bin time (Group 16). Eleven mice had normal bleeding time and mark- 
edly increased coagulation and prothrombin times (Groups 6, 12, 14, 
and 18). Only one mouse exhibited a prolonged prothrombin time, while 
the other tests were normal (Group 7). At autopsy 14 of the 41 mice 
which were examined had hematomas. Some animals had from one to 
several hematomas, varying in size from a few millimeters to one centi- 
meter in diameter, usually just beneath the skin. They were found on 
the feet, legs, back, abdomen, neck, and ears. Out of 25 mice with pro- 
longed bleeding or prothrombin times, 12 mice had hematomas. In the 
remaining 16 mice with normal prothrombin, coagulation, and bleeding 
times, two mice had hematomas. 


DISCUSSION 


The hemorrhagi¢ agent, when given in adequate doses, will prolong the 
bleeding time in mice. The mechanism by which 3,3’-methylene-bis- 


(4-hydroxyeoumarin) prolongs bleeding in mice is not understood at 
present. It is certain that heparin prolongs the coagulation of blood 
in a different way than the hemorrhagic agent, due to the immediate anti- 
coagulant action of heparin in vivo and in vitro, and because it does 
not affect thé prothrombin time. The hemorrhagic agent, on the other 
hand, increases both the coagulation and the prothrombin time in vivo. 
Link and associates’ suggested, from dilution studies on norma] and 
pathie rabbit plasmas, that the action of 3,3’-methylene-bis- (4-hydroxy- 
coumarin) was not necessarily restricted to the prothrombin time mech- 
anism. Even though we did not do dilution studies on mouse’s heart 
blood, we believe that when our values were in excess of 30 seconds they 
were significantly prolonged. 

It is difficult to offer an explanation for the lack of correlation between 
the bleeding time and the coagulation and prothrombin times in some of 
the animals. In those instances where the bleeding time was normal 
with prolonged coagulation and prothrombin times, long bleeding times 
might have followed one or more normal bleeding time values. We 
did not subject the animals to more than two bleeding time tests, since 
excessive blood loss could have affected the coagulation and prothrombin 
times, which were done after the bleeding time tests. Link and associates’ 
observed whole plasma prothrombin times of approximately 10 minutes 
in dogs, and in excess of 250 seconds (12.5 per cent plasma) in rabbits 
and rats without any tendency to hemorrhage, following large doses of 
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3,3’-methylene-bis-(4-hydroxyecoumarin). These findings demonstrate 
that the prothrombin time may not necessarily indicate a bleeding 
tendency. The phenomenon of prothrombin time is not well under- 
stood at present. One of us (A. L. C.) advanced the view that inactive 
thrombin, which is present in the circulating blood, plus a complemen- 
tary factor constitute the prothrombin complex.’ Prothrombin is only 
a precursor of thrombin in that in the heparin-prothrombin complex, 
preformed thrombin is inactivated by antithrombin which is composed 
of heparin and the complementary factor. Thromboplastin in the pres- 
ence of calcium and the complementary factor has its neutralizing 
effect upon heparin, thus activating the thrombin. On this basis it was 
assumed that the prothrombin time expresses the speed with which the 
activation of thrombin occurs and the degree of concentration of the 
activated thrombin from the prothrombin complex. The prothrombin 
time, therefore, does not necessarily measure the prothrombin content. 

It is quite possible that still another factor, probably present in the 
skin,‘ functions in the mechanism of hemostasis. Even though the skin 
(or tissue) factor is a hypothetical substance, we believe it may well play 
a role in either prolonged or normal bleeding in mice which receive the 
hemorrhagic agent. It may be that excessive amounts of the skin factor 
are present in mice with normal bleeding time and prolonged coagulation 
and prothrombin times. Likewise, decreased amounts of the skin factor 
may be present in mice with long bleeding time and normal coagulation 
and prothrombin times. Experiments in heparinized mice suggest that 
variable amounts of the skin factor are present.* 


We found no petechiae in our mice during life or at autopsy ; neither 
were we able to find any reference in the literature” * regarding petechiae 
in human beings after treatment with the hemorrhagic agent. We doubt 
that the hemorrhagic agent exerts a loosening effect on the cement sub- 
stanee of the capillary endothelial cells. Bingham, Meyer, and Pohle’® 
reported that arteriolar, capillary, and venule dilatation occurred in 
dogs which received the hemorrhagic agent. It may well be that pro- 
longed bleeding may follow dilatation of the smaller vessels; however, 
we feel that a more likely explanation for the prolonged bleeding is due 
to changes in the characteristics of the clot. We believe heparin and 
the hemorrhagic agent may delay the hemostasis which more adequately 
is measured by the clot resistance test®*' in vivo and the clot firmness 
test in vitro.’? 

The following method of clot resistance was used to determine the abil- 
ity of the clot to resist increases in venous pressure in mice.** The venous 
bleeding time was determined after transversely cutting a vein in the 
middle portion of the mouse’s tail with a stylet measuring 0.5 by 1.5 mm. 
In an attempt to renew bleeding, a cuff pressure of 75 mm. of Hg was 
applied proximal to the wound from 18 to 34 minutes after bleeding had 
stopped. Out of 109 normal mice this pressure provoked bleeding in 5.5 
per cent, whereas in mice treated with the hemorrhagic agent for three 
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days bleeding was frequently initiated. These findings on clot resistance 
indicate that the hemorrhagic agent may prolong bleeding and impair 
both the firmness of the clot and its ability to adhere to the skin wound. 

Hematomas were the only clinical manifestation effected by the hem- 
orrhagice agent. In Group 8 negative tests corresponded with the absence 
of hematomas, although this was not the case in two animals in Group 19; 
we found hematomas even when the bleeding time, coagulation and pro- 
thrombin times were normal. They were not, on the other hand, always 
present when one or more tests exhibited abnormal values. It must be 
borne in mind that the origin of hematoma formation was not known. 
It may be assumed that the occurrence of a hematoma could be due to 
trauma in those animals which acquired a hemorrhagic tendency after 
treatment with 3,3’-methylene-bis-(4-hydroxyeoumarin). 


SUMMARY 


1. A prothrombin time test was developed in mice, using 0.1 ¢.c. heart 
blood. Prothrombin time values ranged from 15 to 28 seconds and 
averaged 22.4 seconds. 

2. Following oral administration of 60 to 100 mg. per kg. of 3,37- 
methylene-bis-(4-hydroxycoumarin) over a period of three days, the 
bleeding time was prolonged in some of the mice. 

3. Comparison of bleeding time with coagulation and prothrombin 
times showed a lack of correlation in many of the mice. Some animals 
had prolonged bleeding times with normal coagulation and prothrombin 
times, while others had prolonged coagulation and prothrombin times 
with a normal bleeding time. 

4. Hematomas were more frequently found in mice with prolonged 
bleeding time or prothrombin time than in mice with normal values. 

5. The relation of bleeding time and prothrombin time to hemorrhagic 
tendency was discussed. It appeared that still other factors which were 
discussed are involved in hemostasis. 
We are indebted to Dr. Kar] Paul Link who kindly sent to one of us (A. L. C.) 


his unpublished paper, which was helpful in the interpretation of our results. 
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A NEW METHOD OF SKIN PROTECTION FOR ILEOSTOMIES 
AND COLOSTOMIES 


Davin Presman, M.D., Cuicaco, 
(From the Department of Surgery, Mount Sinai Hospital) 


© ye of the most annoying complications following an ileostomy or 
colostomy is the irritation caused by the constant contact of the 
surrounding skin with the discharging fecal material. It is during the 
immediate postoperative period, before a suitable bag can be fitted be- 
cause of edema of the stoma, that this complication is most likely to 
occur. The resultant maceration of the skin may become so extensive as 
to cause the patient more pain and discomfort than the original dis- 
ease. 

We have attempted to prevent this condition by utilizing the various 
ointments (zine oxide, vaseline, aluminum paste, ete.) recommended in 
standard texts but have not had much success. The diarrhea that oc- 
curs even with the use of a proper diet and constipating medication 
washes away the ointment in a short time and exposes the skin to the 
irritating action of the stool. Even with a more solid stool, the admixture 
of the ointment and feeal material directly on the skin makes the chang- 
ing of dressings a slovenly procedure for the nurse and an unpleasant 
one for the patient. 

Following the suggestion of DeBakey and associates,’ we tried using 
a solution of vinylite resin* for this purpose but found that this also 
could not withstand the continual washing effect of the fecal material. 
However, on mixing collodion with the vinylite resin an excellent, thick, 
impermeable transparent film is obtained which is easy to apply and 
adheres closely to the skin. Since we have been using this solution, the 
absence of skin irritation in all types of enterostomies has been striking 
and a source of gratification to both patient and surgeon. 


The formula used is as follows: 


Vinylite resin 25 Gm. 
Acetone 100 
Collodion 25 ©. 


DIRECTIONS FOR USE 


1. The first application of the solution is best done immediately prior 
to opening the enterostomy. 

2. Any ointment which is present is completely removed and all of 
the skin area completely cleansed with ether and acetone. 

*This material was supplied through the courtesy of the Carbon and Carbide 


Chemicals Corporation, Chicago, Il. 
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3. The solution is poured on the skin around the incision and smeared 
evenly with an applicator or tongue depressor. The sides of the ex- 
teriorized bowel may be covered with the solution without any harmful 
effect. 

4. At least ten to twenty minutes must be allowed for thorough dry- 
ing of the solution and the formation of an adequate film. 

5. The bowel is then opened and a dry sterile dressing applied. 

6. The solution is reapplied without removing the previous coats as 
often as necessary depending upon the consistency and amount of the 
fecal drainage. This may vary from several times daily to once every 
few days. 

The solution may also be used to advantage for protection of the skin 
in eases of feeal fistulas and profusely draining infected wounds. 
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Recent Advances in Surgery 


CONDUCTED BY ALFRED BLALOCK,: M.D. 


PRINCIPLES IN THE PROTECTION OF PATIENTS WHO 
RECEIVE BLOOD 


PauL Hoxwortn, CINCINNATI, OHIO 


(From the Department of Surgery, College of Medicine of the University of 
Cincinnati, and the Cincinnati General Hospital) 


URING the past ten years there has been a marked increase in the 
number of blood transfusions in almost all hospitals, since indica- 
tions for their use have become more generally and clearly understood. 
This is particularly true in surgery. The value of blood therapy in 
controlling fluid balance, in nutrition, in the treatment of traumatic 
and thermal shock, in hemorrhage, in infection, and in wound healing 
is much better known and is becoming still more widely recognized. 
Most surgeons show little interest in and lack knowledge of the care- 
ful laboratory work necessary before blood can be given safely in trans- 
fusion. The laboratory is too often considered a remote agency en- 
trusted with a trivial routine responsibility, that of grouping and match- 
ing blood prior to transfusion. Moreover, the surgeon is inclined to 
give uncritical acceptance to those methods in use in the hospital. Yet 
in the smaller hospitals the responsibility for selection of blood usually 
falls to a house doctor, who was exposed to the theories and technique of 
grouping and matching for one morning during the sophomore year of 
his medical school training, and in the larger hospitals to a technician 
burdened with too many duties to give special thought to one problem. 
Details of preoperative preparation, operative procedure and _ tech- 
nique, and postoperative management, including nursing care, are sub- 
jected to critical supervision by the attending surgeon. Yet all these ef- 
forts to apply the best known standards of safety may be and frequently 
are neutralized, either by delay as a result of uncertainty in the labora- 
tory or by an error which precipitates a hemolytic transfusion accident. 
Just seven years ago at the Cincinnati General Hospital a young woman 
came to thoracoplasty after sanatorium management had proved to be 
inadequate. She received careful preoperative preparation, good anes- 
thesia, and excellent surgery. She died during her first postoperative 
day shortly after receiving 300 ¢.c. of incompatible blood in transfusion. 
Recheck of the grouping and direct match tests showed agglutination 
of the donor cells at the end of one hour by both the anti-A test serum 
and the recipient’s serum. This was not detectable at the end of one- 
half hour. The methods and materials which had been provided and 
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which had proved adequate for the usual blood specimen had been ac- 
cepted uncritically by the surgical house officer responsible for the lab- 
oratory work. 


Since that time I have been intimately connected with the laboratory 
aspect of blood transfusion. As volunteer director of the Red Cross 
Blood Transfusion Service which was developed in the department of 
surgery of the University of Cincinnati and which serves the entire Cin- 
cinnati area, I have had an opportunity to encounter many problems at 
the Cincinnati General Hospital and fourteen other hospitals, concern- 
ing the grouping and matching of blood. It becomes of importance to 
relate some of the pitfalls which have come to my attention so frequently 
that I cannot help but believe that proper standards of safety are fre- 
quently ignored. 

The purpose of this article is to draw the attention of clinicians to 
the causes of frequent accidents and delays which for the most part 
could be avoided. 

As a result of our experience with a carefully supervised series of 
more than 12,000 blood transfusions given during four years we have 
concluded that the vast majority of transfusion accidents and delays 
are due to a laek of knowledge and application of the following prin- 
ciples. 

1. The Use of Test Serums of High Titer —The titer of a and b agglu- 
tinins and A and B agglutinogens in the blood of individuals is known 
to vary widely. Despite this, it is common practice in many hospitals 
to select group A and group B individuals as donors for test serums 
merely because the agglutinating effect of their serums on one or two 
specimens of anticells appears to be quite pronounced. Test serums 
selected in this manner may fail or offer poorly defined criteria of agglu- 
tination when placed with A or B eells with less pronounced agglutino- 
gen activity. Borderline criteria of agglutination may result in errors 
in grouping or delay in providing blood due to uncertainty in the lab- 
oratory. During the past year two cases have come to our attention in 
which donors of subgroup A, were grouped as O for this reason. In 
each ease the group A blood was given to a group O recipient, resulting 
in death of the recipient. 

Unfortunately, reliance cannot always be placed upon the agglutinin 
titer of commercially prepared test serums. All test serums to be used, 
whether prepared in the hospital or in the commercial laboratory, should 
be selected because of superlative agglutinin titer. Determinations may 
be made by the use of the Coca’ method of slide titration or by the 
method of serial titration.2 Definitions of safe titers have been made 
repeatedly? but very few laboratory technicians know the titer of the 
test serums which are in current use in their own laboratories. 

2. Failure to Observe a Well-Known Principle of Agglutination.— 
It is a very common practice to select a group O donor for a group AB 
recipient if a member of the latter blood group is not available. The 
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principle of dilution is relied upon to inactivate incompatible a and b 
agglutinins in the donor’s serum. In the past year one case has come 
to our attention in which this factor resulted in death because the a ag- 
glutinin in the serum of the donor was of unusually high titer. Similar 
cases are reported in the literature. If group A donors are selected 
for group AB individuals, only one incompatible antigen-antibody com- 
plex is present and its potency may be determined easily by the use of a 
simple quantitative direct match test. 

3. Close Observation of the Patient During Transfusion.—With the 
advent of blood banks and the increased requirement, blood transfusion 
has become very commonplace and informal. In many instances the 
transfusion is begun and a busy intern feels it necessary to leave in 
order to accomplish other work. Unfortunately, mistakes in grouping 
and matching of blood and confusion of specimens in the laboratory do 
occur. This is particularly true where blood banks are in operation, 
despite careful regulation, and may result in transfusion of incompatible 
blood. Early symptoms may not appear in a hemolytic transfusion 
reaction, but they frequently do, and the interruption of the transfu- 
sion by the attending physician may be lifesaving. Two cases which 
occurred at the Cincinnati General Hospital are in striking contrast 
and serve to illustrate the importance of close early observation. 


No. 1.—A group A blood was given to a patient belonging to group O. Seventy- 
five cubie centimeters were given when the patient complained of paresthesia in the 
extremities and precordial pain and the transfusion was interrupted. Later oliguria, 
hemoglobinuria and uremia and laboratory recheck established the diagnosis of a 
hemolytic transfusion reaction. The patient recovered. 


No. 2.—A group A blood was given to a patient belonging to group B, due to 
confusion of specimens. The transfusion was begun and the patient was not ob- 
served by a physician throughout. He received 500 ¢.c. of incompatible blood. 
Anuria and death due to uremia followed. 


Although there are many factors contributing to the severity of a 
reaction other than the amount of incompatible blood which a patient 
receives, it is reasonable to believe that interruption of a blood trans- 
fusion after only a few cubic centimeters of incompatible blood have 
been given affords more chance for recovery. If early mild subjective 
complaints or objective signs are to be regarded as contraindications 
for continuing transfusion, it is difficult to condone any practice wherein 
a physician is not observing the patient carefully. 

4. Delays in the Laboratory Due to False Agglutination Being Inter- 
preted as True Agglutination.—Almost every week a case comes to our 
attention in which donor after donor of the same blood group as the 
patient is rejected by a laboratory because false agglutination is inter- 
preted as true agglutination in the direct match test. The causative 
factors of this phenomenon are almost always attached to the blood of 
the patient and numerous samples of compatible blood are rejected. 
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If the blood is needed urgently, this confusion becomes hazardous. In- 
creased time and expense affect the laboratory. 


We have observed many such situations and they arise most fre- 
quently in the following circumstances: 1. Occasional effect of sulfona- 
mide blood concentration; 2. sepsis with high sedimentation rates; 
3. severe hemorrhage and other extreme anemias; 4. leucemia; 5. cold 
agglutinations due to the use of icebox samples in the test. 


False agglutination due to these conditions can be promptly distin- 
guished from true agglutination in practically all cases by the use of the 
following laboratory principles. First, by performing the direct mateh 
test with an open technique on a slide and stirring to break up the 
clumps under the microscope. In true agglutination agitation by stir- 
ring produces more marked agglutination. If specimens on a slide are 
placed under moist Petri dishes, this technique is possible. Sealed cover 
slip preparations for compatibility tests make it impossible. Second, 
microscopic examination of the patient’s blood diluted in saline solu- 
tion will in the above situation show the same false agglutination effect. 


5. Performance of Compatibility Tests Before All Transfusions, Even 
Though the Blood Is of the Same Growp.—Recently a case came to our 
attention in which a recipient of blood group A,B was given two trans- 
fusions of group B blood because AB blood was not available. Twenty- 
four hours later a succeeding compatibility test with group AB blood 
showed incompatibility. This was presumably due to an accumulation 
of anti-A antibodies of sufficient potency to agglutinate the A cells in 
the blood which was being tested. 

In some hospitals compatibility tests are not performed, reliance being 
placed wholly upon the grouping and the transfusion of like groups. 
The known existence of rare atypical agglutinins and the possibility of 
the ever present human factor of error in determining blood groups make 
it necessary that compatibility tests be performed in order to safeguard 
the patient receiving blood. 

6. The Use of Rh— Donors.—Recently unquestionable evidence that 
hemolytic transfusion reactions occasionally may be caused by inecom- 
patible Rh factors has been produced.* Routine tests to distinguish 
Rh+ from Rh— red cells are impracticable at present because of the 
extreme difficulty in providing anti-Rh serums in amounts that would be 
required. It is possible for the hospital laboratory to secure a small 
amount of anti-Rh serum and to maintain a list of Rh— donors. It is 
also possible to perform modified direct match tests for anti-Rh factors.® 
These should be reserved for use (1) for patients who are or who have 
been recently pregnant, (2) for patients who are receiving multiple 
transfusions over periods of days, and (3) for the newborn with ery- 
throblastosis fetalis. 
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SUMMARY AND CONCLUSIONS 


The difficulties in blood transfusion outlined above are more common 
than is generally supposed and most of them can be corrected by better 
observance of the known standards of safety. This requires (1) the 
use of test serums of highest titer, (2) a more popular knowledge and 
application of the established principles of hemagglutination, and (3), 
close observation of the patient during transfusion as added insurance 
against laboratory error. 
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Book Reviews 


Ophthalmology and Otolaryngology. A manual prepared and edited by the Sub- 
committee on Ophthalmology and Otolaryngology of the Committee on Surgery 
of the Division of Medical Sciences of the National Research Council. Harry 
S. Gradle, Chairman of Ophthalmology; Harris P. Mosher, Chairman for Oto- 
laryngology. Volume II, Military Surgical Manuals. Pp. 331, with 126 illustra- 
tions. Philadelphia and London, 1942, W. B. Saunders Company. Cloth. $4.00. 


This is the second volume in the series of six volumes comprising twelve military 
surgical manuals which are being developed under the auspices of the Division of 
Medical Sciences of the National Research Council. These manuals are to furnish 
the Medical Departments of the United States Army and Navy with a digest of 
necessary information in the field of military surgery. Most of the manuals deal 
with highly specialized surgical subjects. The digest of present-day information is 
to help the Army or Navy surgeon to apply skill when the necessity arises, to a field 
which may not be his own. 

This volume gives approximately equal space to ophthalmology and to otolaryn- 
gology. The eight chapters on ophthalmology are contributed by five well-known 
oculists. The subject matter deals with functional testing, examination of the eye, 
acute visual disturbances, acute inflammations, injuries, medical treatment, local an- 
esthesia about the orbit, and surgical procedures. 

The section on otolaryngology is divided into seventeen chapters contributed by 
twelve otolaryngologists of note. A variety of subjects are discussed: primary 
treatment of gunshot wounds of the face, the ear in general, fractures of the tem- 
poral bone and of the cribriform plate, injuries to the labyrinth and labyrinthine 
function, group testing of hearing, malingering, roentgenologic diagnosis of petro- 
sitis, the ear in military aviation, re-education of the deafened soldier, re-education 
for speech defects, the nose and throat in general, paralysis in connection with 
wounds in the throat, infections of the throat, chemotherapy, injuries of the esopha- 
gus, and injuries of the larynx, hyoid bone, and trachea. 

This small manual seems to fulfill the purpose for which it is intended, a brief 
digest of up-to-date information on the ophthalmologic and otolaryngologie problems 
of the military surgeon, not the specialist in these fields, but the nonspecialist. 


War Medicine. A Symposium edited by W. S. Pugh, Commander, U. S. N., for 
the Philosophical Library. Pp. 565, illustrations, 76. New York, 1942, F. Hub- 
ner and Company, Inc. 


This volume represents a symposium of articles dealing with medical military 
subjects, as selected from the current medical journals of America and Britain. 
Under the editorship of W. S. Pugh, Commander, U. 8S. N., retired, fifty-seven ar- 
ticles have been chosen for inclusion in the book, and have been arranged in three 
sections, namely, Surgery, Aviation and Naval Medicine, and General Medicine. 
The subjects or articles selected represent a splendid variety of subjects which 
would be of vital interest to medical officers on duty. 

Naturally, in a symposium of this type there can be no correlation of material 
such as would be achieved by one author. Moreover, since the material is pre- 
sumably not edited from the standpoint of scientific statements, numerous errors 
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or contradicting statements are encountered. Although the article dealing with 
burns, beginning with page 41, correctly emphasizes the necessity of débridement, on 
page 21 in a paragraph dealing with burns, is a statement, ‘‘no attempt at 
surgical cleaning is made’’; this latter statement is erroneous, and is contradictory 
to those in the article on burns beginning on page 41. On page 22, the maximum 
limit of 40 Gm. sulfanilamide for a patient would appear to be needlessly high. 
The reviewer was surprised to see at the bottom of page 144, the statement that 
a four-tail bandage ‘‘will also give some temporary support to a fracture of the 
mandible’’; in his experience such a dressing exerts too much backward displace- 
ment, thereby tending to obstruct the pharyngeal airway. 

The authors quote too freely from experiences in World War I. The chapter 
on burns, however, is one of many exceptions to this criticism; it thoroughly dis- 
cusses the tannic acid and triple-dye methods along with other procedures as 
practiced in Britain during this war. Unfortunately, this material and the book 
were apparently assembled a few weeks or months too early to allow inclusion of the 
pressure dressing method of Koch and Reid. 

Although the section on Surgery is not up to the standard of the other two 
sections, the articles on ‘‘Gunshot Wounds of the Heart,’’ ‘‘ Blast Concussion,’’ 
‘*Blood Substitutes’’ and ‘‘Drainage of the Pleura’’ are splendid contributions. 
The article on ‘‘War Wounds and Compound Fractures’’ contains a splendid 
historical review of Lister’s principles of asepsis, and the proper emphasis on the 
importance of immobilization in the treatment of wounds as well as fractures. 

Considering how meager is our knowledge of aviation medicine, the section 
dealing with this subject is remarkably informative and well written. With the 
information contained in these articles alone a flight surgeon could obtain a 
good insight into the proper care of pilots, and treatment of symptoms derived 
from the hazards of centrifugal force and changes in altitude. 

Altogether the book is very informative and interesting. Although it cannot 
be used as a text because it is deficient in various subjects, it nevertheless would 
be of inestimable value as an addition to a medical military library. 


Anatomy of the Hand; The Principles of Anatomy as Seen in the Hand. By 
Frederic Wood Jones, D.Sc., F.R.S., F.R.C.S., University of Manchester, Eng- 
land. Ed. 2. Pp. 407, with 144 illustrations. Baltimore, 1942, Williams & 
Wilkins Company. $7.50. 


This book was prepared during the 1914 War as a guide for a series of lectures 
in applied anatomy as a part of the course of instruction to officers of the 
R. A. M. C. The first edition was published in 1920. 

Written by the professor of anatomy at the University of Manchester, the ma- 
terial is authoritatively presented. The second edition has been revised, and six 
new chapters and twenty new figures have been added. The author’s interesting 
style and practical descriptions should make the subject matter attractive to pro- 
fessional groups in the related medical sciences, 

The first fourteen chapters contain an interest for comparative anatomists, while 
the surgical interest is attracted to the succeeding ten concise chapters, devoted 
to the practical anatomy of the fascias, bones, joints, muscles, tendons, and tendon 
sheaths of the hand. The remaining nine chapters are devoted to discussions on 
the functions of the hand, the motor and sensory pathways, the nerves, the vascular 
channels, and lymphatics. 

This book will be of interest to the student of anatomy, and especially the busy 
medical officer of the R. A. M. C., for whom it is primarily intended. 
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Sulfanilamide and Related Compounds in General Practice. By Wesley W. Spink, 
M.D., F.A.C.P. Pp. 374, with charts and table. Chicago, 1942, Year-Book 
Publishers, Ine. $3. 


This book has been greatly increased in size and comprehensiveness. In a field 
which is advancing and changing as fast as any in medicine, and in which the 
amount of published material is almost overwhelming, this little book constitutes 
an admirable condensation of the present knowledge of the subject and will serve 
as an up-to-date and authentic guide and summary for the surgeon as well as for 
the medical man. Few are the professional men today who ean afford to do with- 
out this excellent monograph. 


The Principles of Neurological Surgery. By Loyal Davis, M.S., M.D., Ph.D. 
Ed. 2. Pp. 503, with 298 illustrations. Philadelphia, 1942, Lea & Febiger. $7. 


This is a much improved second edition of a neurosurgery text, the first edition 
of which was published in 1936. 

Some of the material has been rewritten and rearranged. The chapters are 
much better subdivided by subchapter headings; for example, Chapter IV, Intra- 
cranial Abscess, which had no subdivisions in the first edition, is now subdivided 
into Etiology and Pathogenesis, Pathology, Symptoms, and Surgical Treatment. 
Some new sections are added, such as electro-encephalography, arachnoiditis, tuber- 
culosis of the skull, herniation of intervertebral disc, and others. The illustrations 
have been rearranged, many new ones added, and some of those in the first edition 
deleted. All of these improvements and additions have increased the book size 
from 416 pages to 494 pages. 

This is the only available textbook of neurosurgery and, therefore, is the only 
place where all of this material is collected together. It is recommended to the 
general practitioner and others who occasionally need some information concerning 
the more common neurosurgical problems, 


Urological Diseases of Pregnancy. By E. G. Crabtree (with a chapter by G. C. 
Prather). Pp. 472, with 158 illustrations. Boston, 1942, Little, Brown & Com- 


pany. 


The problems relating to the urinary tract in pregnancy have been pretty well 
covered, a little at a time, by a great number of authors in widely seattered books 
and periodicals, but this work is the first to come to the attention of the reviewer, 
in which the pertinent data are assembled, together with a very extensive bibliog- 
raphy. Its value is, of course, enhanced by the extensive personal experience 
of the author at the Boston Lying-In Hospital and in private practice. 

There are fairly extensive discussions of the effects of pregnancy upon the 
body and upon its economy in general, as well as upon the urinary tract itself. 
There are chapters comparing the effects of pregnancy in lower animals with those 
in the human being as well as with the effects of tumors other than the pregnant 
uterus upon the urinary tract. The work is of particular practical value to the 
urologist and general practitioner because of its discussions of special problems 
which, while they may be commonplace to the busy obstetrician, are puzzling to 
the physician who encounters them only occasionally. I refer to the situations 
created by pyelonephritis, atony of the bladder, tuberculosis of the urinary tract, 
stones, solitary kidneys, renal neoplasms, and the like. The techniques of examina- 
tion and modes of treatment are well covered, as is the relationship of the toxemia 
of pregnancy to the urinary tract. 
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Of interest to nearly all practitioners are the chapters on the oliguria of trans- 
fusion reactions, and the untoward effects of the sulfonamides on the urinary tract. 

The critical reviewer can, of course, find points which arouse him, although they 
are minor ones, as the very frequent use of ‘‘scarification’’ to mean cicatrization 
or, more simply, scarring and of ‘‘physiology’’ for function, as well as ‘‘etiology’’ 
for cause. The last two are, of course, attributable to the widespread, if deplorable, 
use of medical slang. . 

One regrets that the discussions of the cause of hydronephrosis in pregnancy, 
and of the effect of tumors of the female pelvis upon the kidneys are treated so 
briefly, and one shudders at the author’s failure to discuss the value of nasal 
suction (Wangensteen and Paine) in ileus, the more so because the author men- 
tions the high mortality of the condition. 

The book is warmly recommended to urologists, obstetricians, and general prac- 
titioners, and should be a valuable source of references for investigators in the 
fields concerned. 


First Aid, Surgical and Medical: An Advanced Guide. By Warren H. Cole, M.D., 
F.A.C.S., and Charles B. Puestow, M.D., Ph.D., F.A.C.S., University of Illinois, 
Ed. 1. Pp. 351, illustrations 92. New York, 1942, D. Appleton-Century Com- 
pany, Inc. 


At a time when the war has caused large numbers of civilians to be trained in 
the essentials of first aid, an authoritative and yet elementary textbook is of first 
importance. This readable book fulfills this need admirably. 

An excellent introduction precedes the descriptions of procedures for specific 
injuries, and although it is verbose in places, it nevertheless offers an excellent 
background of knowledge for the first-aid worker. There are sections on each of 


the types of conditions to be encountered in either civil or military life, such as 
shock, lacerated wounds, fractures, burns, gas and- bomb injuries, ete. 

There are some points in the book with which most physicians would take issue, 
such as several of the types of bandages described, yet the vast bulk of the material 
is accurate, correct, and well expressed. This book is not for beginners, as the 
title indicates, but those who have had a rudimentary first-aid course will find it 
of inestimable value in achieving a further understanding of the subject. 

The title implies that this book contains material only for the use of the lay 
first-aid worker, but the majority of general practitioners would find it of great 
value in medical practice. 
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binder on 10-day free trial. 
MAIL COUPON TODAY 


SUCKERT LOOSE LEAF COVER CO. 
234 W. Larned St., Detroit, Michigan 


Mail postpaid binders for “SUR- 


RY”’’ for year Will remit in 
10 days or return bindings collect. 
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By LEO WINTER, D.DS., 
M.D., F.A.C.D., (Hon.) LL.D., 
Professor of Oral Surgery, New 
York University; Director of 
the Oral and Minor Surgery 
Clinic, New York University 
College of Dentistry. 


1076 pages, 1207 illustrations, 
10 color plates. PRICE, $12.50. 


New Second Edition 


OPERATIVE ORAL 
SURGERY 


Praise from Press .. . 


Dental Items of Interest: ‘In many cases 
a series of illustrations are employed to 
clarify a single point. They are so clearly 
used that in several instances they appear 
almost as effective as a miniature motion 
picture.” 


Illinois Dental Journal: ‘The chapter deal- 
ing with fractures might well be learned 
by heart by those who expect to do any 
work with the wounded... . . Only those 
procedures which have stood the test of 
experience are included in this text and 
neither student nor practitioner can afford 
to be without 


3525 PINE BLvp. 
St. Louis, Mo. 


$12.50. 


THE C. V. MOSBY COMPANY 


Gentlemen: Send me Winter’s Second Edition “OPERATIVE ORAL SURGERY,” price, 


._-. Attached is my check. 


SURGERY 


© WAR WOUNDS 

© STADER SPLINT 
© CHEMOTHERAPY 
SHOCK 

© BURNS 


In order to adapt “OPERATIVE ORAL SURGERY” 
completely to present-day needs, both military and civil, 
for this 1943 edition Dr. Winter has... 


retained all features you liked and found 
of value in the first edition... 


added features which gear the book to a 
current pace—solve your current problems. 


Revision has been careful and rather complete. Seven 
entirely new chapters are included, more than 80 new 
illustrations. 


Attractive new features include a chapter on SKELETAL 
FIXATION—describing the history-making STADER 
SPLINT and its uses; an illustrated method for a sim- 
plified procedure of coaptation and immobilization of 
various jaw fractures in the chapter on WAR WOUNDS. 


Chapters on CHEMOTHERAPY, SHOCK, BURNS OF 
THE FACE: discussion of SUBLUXATION AND DIS- 
LOCATION OF TEMPOROMANDIBULAR ARTICU- 
LATION: the part of VITAMINS in blood dyscrasias. 


MJ 


.... Charge my account. 
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SURGERY 


Authoritative — Up-to-the-Minute — Complete 


CURRENT OBSTETRICS AND GYNECOLOGY 


Proceedings of the Second 


AMERICAN CONGRESS 
UN OBSTETRICS AND GYNECULUGY 


A correlated program of essays, panel discussions and symposia epitomiz- 
ing everything important and new in the fields of obstetrics and gynecology. 
The subject material, carefully integrated in advance, is presented under the 
strict criteria of question and answer discussions. Authors are unimpeachable 
authorities—each in his respective field. Discussors are especially selected 
for experience, critical ability. Analyses and summaries are—as a result—the 
last word. No stone is left unturned. The result is: 


A Work Absolutely Essential to Specialist, General 
Practitioner, Nurse, Hospital Executive and 
Maternal and Child-Welfare Worker 


Among the Contributors Are: 


Fred L. Adair Nicholson J. Eastman Edward Allen 
Aura E. Severinghaus Herbert E. Schmitz Robert D. Mussey 
Robert Latou Dickinson E. D. Plass J. P. Greenhill 
I. C. Rubin E. G. Waters 
Abner I. Weisman Harry W. Mayes 
ey David S. Hillis Alan F. Guttmacher 
John L. Parks Lewis C. Scheffey Philip Levine 
Alex E. Brown A. W. Diddle A. N. Arneson 
E. Granville Crabtree James R. Reinberger Sidney O. Levinson 
Curtis J. Lund Lyman W. Mason Paul F. Fletcher 


and over sixty others 


Almost every important teaching mstitution represented. 


Obstetrics, Gynecology, Obstetrical Hospital Management, Obstetrical 
Nursing, Public Health and Social Service Aspects. 


A complete correlated refresher course absolutely up to date. 


Price, $5.50 


PUBLISHED BY THE WESTERN JOURNAL OF SURGERY PUBLISHING COMPANY, 
PORTLAND, OREGON, FOR THE AMERICAN CONGRESS ON OBSTETRICS 
AND GYNECOLOGY 


To: 2-43 
THE AMERICAN CONGRESS ON OBSTETRICS AND GYNECOLOGY 


650 Rush Street 
Chicago, Illinois 


Please place my order for one copy of the 1942 Transactions, at $5.50 per volume, for which 
check is enclosed (or) you may bill me when volume is shipped. 
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SURGERY 19 


Up-To-Date Books For Surgeons 


@ SURGERY OF PANCREATIC TUMORS—by Alexander Brunschwig. 421 
pages, 123 illustrations, 1 color plate. PRICE, $7.50. 


@ ESSENTIALS OF GENERAL SURGERY—by Wallace P. Ritchie. 813 
pages, 237 illustrations. PRICE, $8.50. 


@ SYNOPSIS OF OPERATIVE SURGERY—by H. E. Mobley. 375 pages, 
339 illustrations. PRICE, $5.00. 


@ SYNOPSIS OF THE PREPARATION AND AFTERCARE OF SURGI- 
CAL PATIENTS—by Hugh C. Ilgenfritz and Rawley M. Penick. With a 
foreword by Urban Maes. 532 pages, 55 illustrations. PRICE, $5.50. 


@ THE BLOOD BANK AND TECHNIQUE AND THERAPEUTICS OF 
TRANSFUSIONS—by Robert A. Kilduffe and Michael DeBakey. 558 pages, 
214 illustrations, 1 color plate. PRICE, $7.50. 


@ SURGICAL TREATMENT OF HAND AND FOREARM INFECTIONS 
—by A. C. J. Brickel. 300 pages, 166 text illustrations, 35 plates including 10 
in color. PRICE, $7.50. 


@ OPERATIVE GYNECOLOGY—by Harry Sturgeon Crossen. 5th edition. 
1076 pages, 1262 illustrations. PRICE, $12.50. 


@ FRACTURES, DISLOCATIONS AND SPRAINS—by J. Albert Key and 
H. Earle Conwell. Third Edition. 1278 pages, 1259 illustrations. PRICE, 
$12.50. 


@ OPERATIVE ORTHOPEDICS—by Willis C. Campbell. 1154 pages, 845 
illustrations, 4 color plates. PRICE, $12.50. 


@ TRAUMATIC SURGERY OF THE JAWS—by Kurt H. Thoma. 315 pages, 
282 illustrations. PRICE, $6.00. 


@ SYNOPSIS OF TRAUMATIC INJURIES OF THE FACE AND JAWS— 
by Douglas B. Parker. 328 pages, 226 illustrations. PRICE, $4.50. 


@ HANDBOOK OF ORTHOPEDIC SURGERY—by Alfred R. Shands, Jr. 
Second Edition. 567 pages, 154 illustrations. PRICE, $4.25. 


@ THE NORMAL AND PATHOLOGICAL PHYSIOLOGY OF BONE—by 
R. Leriche and A. Policard, France. 235 pages, 33 illustrations. PRICE, $5.00. 


@ FRACTURES OF THE JAWS AND OTHER FACIAL BONES—by Glenn 
Major. 446 pages, 225 illustrations. PRICE, $7.50. 


The C. V. Mosby Company — Publishers — St. Louis, Mo. 
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SURGERY 


INDEX TO ADVERTISERS 


Please mention “SURGERY” when writing to 
our advertisers—It identifies you 


Articles to Appear in Early Issues Lilly and Company, Eli 
3rd Cover Lippincott Company, J. B. (Surgical 


Bard-Parker Company, Inc. (Rib-Back 
Blades) Majestic Hotel (Hot Springs, Ark.)—- 


Ciba Pharmaceutical Products, Inc. . 
(Nupercaine) Petrogalar Laboratories, Ine. (Petro- 
Crescent Surgical Sales Co., Inc. (Sur- 
gical Blades) 
Schering & Glatz, Inc. (Anusol) 
Davis & Geck, Inc. (Sutures) Sklar Manufacturing Company, 
Insert between pp. 2 (Stainless Steel Surgical Instru- 


Elms Hotel (Excelsior Springs, Mo.) _- Stearns & Company, Frederick (Neo- 
Emerson Hotel, The (Baltimore, Md.) Synephrine Hydrochloride) 


Suckert Loose Leaf Cover Co, (Journal 


Gilmer Company, The (Journal Binder) 20 Binder) 


Hoff: n-La Roche, Ine. (Allonal)___ 
Cover Wallace & Tiernan Products, Ine. 


( Azochloramid) 
Johnson & Johnson (Sutures) Western Journal of Surgery Publishing 
Insert between pp. 10 and 11 Company 


All possible care is exercised in the preparation of this index. The publishers are not 
responsible for any errors or omissions. 


OUR MEN NEED Make a Real 
* BOOKS « REFERENCE BOOK 


OF YOUR JOURNAL 


File each copy as soon as received so it 
will be instantly available when you want 
to refer to a recent article. We have 
secured what we believe to be the best 
binder made for this purpose. It is light, 
easy to operate, and handsome, and 
opens perfectly flat for easy reference. 


Binder to hold 1 volume (6 issues) 
PRICE, $2.00 


Binder to hold 2 volumes (12 issues— 
1 year) PRICE, $2.50 


(Specify one you wish sent) 


ALL YOU CAN SPARE 


Hel man in uniform enjo 

Joy Individual name or date and volume 
his leisure hours. Give your number will be stamped in gold on back 
of each binder for 50c. Sent postpaid on 
good books to the 1943 VIC- receipt of check or money order, with a 
guarantee that if you are not more than 


TORY BOOK CAMPAIGN. satisfied, your money will be refunded. 


Be sure to state that the binder is in- 
Leave them at the nearest tended for use with this journal. 


collection center or public “Minder 
library. 307 New Street, Philadelphia, Pa. 
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Articles to appear in early issues of 


SURGERY 


‘*CYLINDROMA’? (ADENOCARCINOMA, CYLINDROMA TYPE). 
By Malcolm B, Dockerty, M.D., and Charles W. Mayo, M.D., Rochester, Minn. 


A CASE oF EPIDERMOID TUMOR OF THE SPINAL CORD. 
By Robert L. Craig, M.D., Durham, N. C. 


PARAPHYSIAL CYSTS OF THE THIRD VENTRICLE. 
By Laurence M. Weinberger, M.D., and Benjamin Boshes, M.D., Chicago, Ill. 


THE UTILIZATION OF ENCEPHALOMYOPEXY IN SELECTED CASES OF POSTTRAUMATIC FOCAL 
EPILEPSY. 
By Joseph H. Siris, M.D., Brooklyn, N. Y. 


AMEBIC HEPATITIS AND HEPATIC ABSCESS, 
By Alton Ochsner, M.D., and Michael DeBakey, M.D., New Orleans, La. 


THE PROBLEMS OF INFANTILE PYLORIC STENOSIS WITH PARTICULAR REFERENCE TO SUR- 
GICAL TREATMENT. 
By D. Emerick Szilagyi, M.D., and Arthur B. McGraw, M.D., Detroit, Mich. 


ACUTE CRANIOCEREBRAL TRAUMA, 
By E. 8. Gurdjian, M.D., J. E. Webster, M.D., and H. Arnkoff, M.D., Detroit, Mich. 


STUDIES IN BACTERIOPHAGE, VII. THE BEHAVIOR OF STAPHYLOCOCCUS BACTERIOPHAGE 
IN HUMAN SERUM AND BLOOD. 
By Helen Zaytzeff Jern, M.D., and Frank L. Meleney, M.D., New York, N. Y. 


GRADUAL OCCLUSION OF THE MESENTERIC VESSELS. 
By Harold Laufman, M.D., Chicago, Ill. 


INFARCTION OF THE GALL BLADDER. 
By Frederick Christopher, M.D., E. L. Benjamin, M.D., and F. K. Gowdy, M.D., 
Winnetka, Ill. 


SERUM SICKNESS SIMULATING ACUTE ABDOMINAL DISORDERS. 
By Vincent J. Derbes, M.D., and Francis E. Bruno, M.D., New Orleans, La. 


THE PHYSIOLOGIC BASIS FoR THE SURGICAL TREATMENT OF ASTHMA. 
By Laurence Miscall, M.D., and E. A. Rovenstine, M.D., New York, N. Y. 


THE USE or TANNIC ACID JELLY IN EXPERIMENTAL BURNS. 
By Donald D. Matson, M.D., Boston, Mass. 


THE MIcrOScoPIc DIAGNOSIS OF RADIOPAQUE SUBSTANCE IN THE VERMIFORM APPENDIX. 
By 8. Sanes, M.D., and John Ambrusko, M.D., Buffalo, N. Y. 


THE USE oF DETERGENTS IN THE CLEANSING AND LOCAL TREATMENT OF BURNS. 
By Norman Rosenberg, M.D., New York, N. Y. 


INJECTION OF VARICOSE VEINS: THE IMPORTANCE AND TECHNIQUE OF INJECTING THE 
ELEVATED EXTREMITY. 
By Carroll J. Bellis, M.D., and Otto L. Churney, M.D., Springfield, Mo. 


PROBLEMS IN THE SURGICAL MANAGEMENT OF DIABETIC GANGRENE. 
By Charles W. McLaughlin, Jr., M.D., Omaha, Neb. 


FAILURE TO RECOVER SULFONAMIDES FROM GALL BLADDER BILE IN Dogs WITH CyYSTIC 
Ductr OBSTRUCTION, 

By David Lynn, M.D., George 8. Bergh, M.D., and Wesley W. Spink, M.D., Min- 

neapolis, Minn. 
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Iv A stupy of various barbiturates, Allonal’s hyp- 
notic component, allyl-isopropyl-barbituric acid, 


was found to have a wide margin of therapeutic 
safety—twice that of barbital and nearly three times 
that of phenobarbital. Because of this relatively 
wide margin of safety — because it produces restful 
sleep, even in the presence of pain, Allonal deserves 
to be your routine sedative-hypnotic of choice. 
HOFFMANN - LA ROCHE, INC. - NUTLEY, N. J. 


ALLONAL ‘ROCHE’ 
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